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PREFACE. 


THE present volume contains sixteen papers presented at the 
Autumn Meeting held in London on October 26th, 1938, and also 
at an Additional Autumn Meeting which took place in Cardiff on 
December 2nd, 1938. The discussions and correspondence to which 
these papers gave rise are also included, though in certain cases it 
has been found necessary to hold them over until the No. I. volume 
of the Journal for 1939 in order to avoid undue delay in the 
preparation of the present volume. 

In addition the ‘ Third Report of the Steel Castings Research 
Committee ’’ (Special Report No. 23) was also presented at the 
London Meeting; the Members of the Institute of British Foundry- 
men and the General Steel Castings Association were invited to be 
present and to take part in the proceedings. A summary of the 
Report and the discussion, correspondence and Committee’s reply 
are included in the present volume. 

As usual the volume is divided into two main sections. Sec- 
tion I. contains the Minutes of Proceedings at the Autumn Meeting 
and the papers enumerated above. The Section concludes with 
biographical notes on deceased Members. 

Section II. is devoted to a survey of the literature on the 
manufacture and properties of iron and steel, and kindred subjects, 
and consists of a collection of abstracts of articles from the Trans- 
actions and Proceedings of scientific societies and from the technical 
press. This Section also contains reviews of recent books and 
bibliographies of literature dealing with the manufacture and pro- 
perties of iron and steel. The matter included in this Section has 
already appeared in the Bulletin of the Iron and Steel Institute, 
which is issued monthly. 

In front of the title-page is inserted a list of the British Stan- 
dardised Steel Samples issued jointly by the Iron and Steel Institute 
and the National Physical Laboratory, showing where and on 
what terms the samples are available. Proposal forms for Mem- 
bership and Associateship and also for Joint Membership of this 
Institute and the Institute of Metals will likewise be found in the 
same place. 


4, GROSVENOR GARDENS, 
Lonpon, S.W. 1. 
December, 1938. 
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Editorial assistance has been given by A. E. Cuartin, B.Sc. (Hons, Met.), A.I.C., 
Assistant Secretary, in the preparation of this Section, 














MINUTES OF PROCEEDINGS 


AND 


PAPERS AND DISCUSSIONS 


OF THE 
AUTUMN MEETING, LONDON, 1938. 


Ow1ne to the abandonment of the Autumn Meeting in New York 
and the proposed visits to Canada and the United States of 
America, the Autumn Meeting was held in London; an additional 
Meeting was also arranged in Cardiff. 


MEETING IN LONDON, OCTOBER 26, 1938. 


The London Meeting took place, by kind permission, in the 
Lecture Theatre of the Institution of Civil Engineers, Great George 
Street, Westminster, London, 8.W.1, on Wednesday, October 26, 
1938. 

Two sessions were held, one at 10 A.M. and the other at 2.30 p.m. 
The Institute of British Foundrymen and the General Steel Castings 
Association had accepted an invitation for their Members to take 
part in the discussion on the “ Third Report of the Steel Castings 
Research Committee ’’ which was presented at the afternoon session. 

In the absence of the PrestpENT (The Right Honourable the 
Earl of Dudley, M.C.), who was abroad, Sir Harotp CARPENTER, 
F.R.S. (Past-President), took the Chair. 


Morwine Session, 10 a.m. 


The CuarrMAN (Sir Harold Carpenter, F.R.S.), in opening the 
Meeting, referred to the fact that, as was well known, arrangements 
had been made for the Autumn Meetings of the Iron and Steel 
Institute and of the Institute of Metals to be held in New York, 
and a joint programme of visits to Canada and the United States 
of America had been prepared. The political situation, however, 
had made it necessary to cancel those arrangements two days 
before ‘the first party had intended to sail in the “ Empress of 
Britain.”” The Members were disappointed that it had again been 
found impossible for the Institutes to go to America, especially as 
a few years ago a visit had had to be postponed owing to the 
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2P AUTUMN MEETING IN LONDON. 


economic crisis. The programme on the present occasion was to 
have been of exceptional interest, and there had been every indica- 
tion of a successful meeting. The parties would have consisted of 
more than 300 Members and Ladies, and the reception that they 
would have received from the hospitable countries which they were 
to visit could be imagined. The Council hoped that it might be 
possible for a visit to take place another year. Their American 
friends had already intimated unofficially that they hoped it would 
be possible for the programme to be taken up on another occasion, 
but it was not yet known whether a visit next year would be 
convenient. 

He would like to record the gratitude of the Council to the 
Canadian Institute of Mining and Metallurgy, the American Iron 
and Steel Institute and the American Institute of Mining and Metal- 
lurgical Engineers for all the work which they had done in con- 
nection with the intended visit, and the deep regret which was felt 
at the inconvenience and disappointment which the change in 
plans must have caused them. 


Additional Autumn Meeting in Cardiff. 


The CHatrman (Sir Harold Carpenter, F.R.S.) said that, in 
addition to the present Meeting, the Institute had been fortunate 
enough to receive an invitation from Sir Charles Wright, Bt., 
K.B.E., C.B. (Past-President), and Mr. J. 8. Hollings (Vice-Presi- 
dent) to hold an Additional Autumn Meeting in Cardiff. Particulars 
of this Meeting are given below. 


Meetings with Local Societies. 


The CHarrMAN (Sir Harold Carpenter, F.R.S.) said that the 
Council were pleased that it had been possible to arrange a series 
of Joint Meetings with a number of local institutes in the same way 
as in past years. Details would be announced in due course, but 
in the meantime he might mention that Joint Meetings would be 
held with the Staffordshire Iron and Steel Institute, the Lincoln- 
shire Iron and Steel Institute, the Sheffield Society of Engineers 
and Metallurgists and the Sheffield Metallurgical Association, the 
Cleveland Institution of Engineers, the Newport and District 
Metallurgical Society, the Manchester Metallurgical Society, and 
the Sheffield Branch of the Institute of British Foundrymen. 


Greetings from the Verein deutscher Eisenhiittenleute. 


The CuarrMAN (Sir Harold Carpenter, F.R.S.) announced that a 
telegram had been received from the Verein deutscher Eisenhiitten- 
leute, signed by Professor Goerens and Dr. Petersen, of which the 
translation read: ‘‘ We send sincere greetings to the Council and 
Members of the Iron and Steel Institute, and best wishes for the 
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success of the Autumn Meeting.’’ On behalf of the Institute he 
expressed the appreciation felt for that message. 


Obituary. 


The CuarrMAN (Sir Harold Carpenter, F.R.S.) said it was his 
duty to refer to the death of Mr. Alfred Hutchinson, which had 
taken place at Blackheath on August 20 last. Mr. Hutchinson 
had been President of the Institute the previous year, and the 
Members would be glad that his long connection with the Institute— 
he had been a Member for 43 years—had concluded with the 
Presidency. He had thoroughly enjoyed his year of office and was 
an extremely good President. During the whole of his career 
Mr. Hutchinson had taken a great interest in all the activities of 
the Institute, and his period as President was distinguished by the 
great personal interest which he showed in the Joint Meetings with 
local societies. Although he was not a young man—he was about 
70 years of age when he took office—he always made a point of 
representing the Institute in person when that was at all possible. 
The Members would sympathise with Mrs. Hutchinson and her 
family in their great bereavement, and would feel themselves the 
poorer by the loss of a very dear friend. 


He wished also to refer to the death of two of the Past-Presi- 
dents of the Institute of Metals, Sir Henry Fowler and Mr. W. R. 
Barclay. 

Sir Henry Fowler, who died on October 16, was well known to 
many for his work on the London, Midland and Scottish Railway 
and his interest in the International Association for Testing 
Materials. Sir Henry had not been in good health for some years, 
but many of those who knew him before his retirement would 
realise that the country as well as the Institute of Metals had lost 
a man of outstanding ability. 

It was less than a year ago that the Iron and Steel Institute 
were in constant consultation with Mr. W. R. Barclay, who died on 
September 16, who, as President of the Institute of Metals, was of 
great assistance in the negotiations which resulted in the removal 
of both Institutes to new offices in Grosvenor Gardens and the 
formation of a Joint Library. Mr. Barclay’s skill as a negotiator 
and the kindness and transparent honesty of his character made 
those negotiations very pleasant, and contributed greatly to their 
successful result. 

He would ask Dr. Desch to be good enough to convey to the 
Institute of Metals the deep sympathy of the Iron and Steel Institute 
at the loss which had been sustained by the death of Sir Henry 
Fowler and Mr. Barclay. 


The members stood in silence for a short time as a token of 
respect. 
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Changes on the Council : Members Retiring in 1939. 


The CHarrman (Sir Harold Carpenter, F.R.S.) announced that 
the Council had recently elected the Hon. R. G. Lyttelton and 
Mr. A. B. Winder as Members of Council. They had both been 
Members of the Institute for a number of years and were well 


known to a great many of the Members. 


The Secretary (Mr. K. Headlam-Morley) announced that, in 
accordance with Bye-Law 10, the following Members of Council 
were due to retire in rotation at the Annual General Meeting in the 
spring of 1939; they. would be eligible for re-election : 


Vice-Presidents : Mr. J. Craig, C.B.E.; Mr. C. E. Lloyd; 
Dr. W. H. Hatfield, F.R.S. Members of Council: Principal 
C. A. Edwards, F.R.S.; Captain R. 8. Hilton; Mr. E. F. 
Law; Mr. W. J. Brooke; Mr. F. Clements. 


Ballot for the Election of New Members and Associates. 


Mr. P. W. Woop (Consett) and Mr. A. G. Hock (Workington) 
were appointed scrutineers of the ballot for the election of new 
Members and Associates, and later they reported that the following 
ninety-one Members and thirteen Associates had been elected : 


Members. 


Bassett, HENRy NoRMAN 


BENNETT, BENJAMIN 

BosteM, HENRI ‘ 
BowveEn, Raymonp K. . 
Boye, CLEeTE L. 
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FLATHER, KENNETH DARWIN . 


Liniers, F.C.O., Buenos 
Aires. 

Rotherham. 

Ougrée, Belgium. 

Chicago, Ill., U.S.A. 

Detroit, Mich., U.S.A. 

Middlesbrough. 

Sheffield. 

Sheffield. 

Montreal, Quebec, Canada. 

Sheffield. 

Rotherham. 

Jamshedpur, India. 

Hautmont (Nord), France. 

Neath, Glamorganshire. 

Scunthorpe, Lincolnshire. 

Brussels, Belgium. 

Ougrée, Belgium. 

Oxford. 

Pittsburgh, Pa., U.S.A. 

Sheffield. 

Doncaster. 

Sheffield. 
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PRESENTATION OF PAPERS. YS 


Ablett Prize. 


The CuatrmMan (Sir Harold Carpenter, F.R.S.) said that the 
Council had received and accepted a generous offer from Captain 
C. A. Astett, O.B.E., B.Sc., M.Inst.C.E., Director of the Cooper 
Roller Bearings Company, Ltd., to present a prize to the value of 
£50 for the best paper written by a junior engineer on a subject 
connected with engineering in iron or steel works which was pre- 
sented at the Annual General Meeting of the Institute in 1939, the 
conditions being that the author of the paper must be a British 
subject employed in an iron or steel works in Great Britain or the 
Empire, be under 35 years of age, and hold a position not higher 
than that of a departmental engineer. 

On behalf of the Council he would like to thank Captain Ablett 
for that generous offer; he understood that if the response next 
year was favourable, Captain Ablett proposed to renew the prize 
for the future. 


New Offices of the Institute. 


The CuarrMAN (Sir Harold Carpenter, F.R.S.) said that since the 
last General Meeting the Institute had moved to new premises at 
No. 4, Grosvenor Gardens, London, 8.W.1, where they had sublet 
part of the house to the Institute of Metals and were sharing the 
committee rooms. The libraries of the two Institutes had been 
joined, and the Joint Library was housed in a large reading room. 
It was proposed to develop the Joint Library into one of the chief 
metallurgical libraries of the country. It was believed that the 
move to new premises would do a great deal to make possible 
increased work by the Institute’s staff, and would assist in increas- 
ing the value of the Institute to the industry and to those engaged 
in metallurgical research. 


After the Meeting the premises remained open till 7 r.m. for 


inspection by Members. 


Presentation of Papers. 


The following papers were presented for discussion : 


W. M. Farnsworth and E. R. Jonnson: ‘‘ American Electric-Furnace 
Practice.” 
D. F. CAMPBELL: ‘‘ Electric Furnaces in European Steelworks.” 


The above two papers were discussed jointly. 


C. Sykes and H. Evans: “‘ Specific-Heat/Temperature Curves of Com- 
mercially Pure Iron and Certain Plain Carbon Steels.” 

Quincy Bent: ‘‘ Modern Rolling-Mill Practice in America (exclusive of 
Continuous Strip and Sheet Mills).” 

D. EPPELSHEIMER : ‘‘ The Development of Continuous Strip Mills.” 








8P COMPLETE LIST OF PAPERS. 


Complete List of Papers, and a Special Report 
Presented at the Autumn Meeting, 1938. 





‘*'Tuirp REPORT OF THE STEEL CASTINGS RESEARCH CoMMITTEE.” Being 
a Report by a Joint Committee of the Iron and Steel Institute and 
the British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council. (Special Report No. 23.) 


J. H. ANpREw and E. M. Trent: ‘‘ The Quench-Ageing of Steels.” 


E. C. Barn: ‘Grain Size and Hardenability in Steels to be Heat- 
Treated.”’ 


Quincy Bent: ‘‘ Modern Rolling-Mill Practice in America (exclusive of 
Continuous Strip and Sheet Mills).”’ 


H. H. Burton and T. F. Russeti: ‘* Precipitation-Hardening in Three 
Steels containing Vanadium.” 


D. F. CAMPBELL: “‘ Electric Furnaces in European Steelworks.” 


D. EpPELSHEIMER : ‘‘ The Development of Continuous Strip Mills.” 


W. M. Farnsworts and E. R. Jounson: ‘‘ American Electric-Furnace 
Practice.” 
Freperick M. Giuires and Epwin D. Martin: ‘ American Soaking-Pit 


and Reheating-Furnace Design and Practice.” 


> 


F. G. Norris: ‘‘ Factors affecting Red-Shortness.’ 


D. V. Krisuna Rao: ‘* The New Steel Plant of the Mysore Iron and 
Steel Works, Bhadravati, India.” 


L. F. Rerartz: ‘*‘ The Development of the Open-Hearth Steelmaking 
Processes in Recent Years in the United States of America.” 


J. W. Ropvcers: ‘‘ The Cold Deformation and Recrystallisation of Metal 
Crystals with Particular Reference to Alpha-Iron.” 


H. A. Scuwartz: ‘‘The Conversion of Solid Cementite into Iron and 
Graphite.” 


C. Sykes and H. Evans: ‘“‘ Specific-Heat/Temperature Curves of Com- 
mercially Pure Iron and Certain Plain Carbon Steels.” 


C. E. Wi11ams: ‘‘ Recent Developments in the American Iron and 
Steel Industry.” 


Epwin C. Wricut and Stevenson Finpiater: ‘‘ The Manufacture of 
Seamless Steel Pipe in the Plants of the National Tube Company.” 

















VOTES OF THANKS. 9P 


Arrernoon Session, 2.30 p.m. 
Presentation of a Report. 
The following Report was presented for discussion : 


‘“TurrD REPORT OF THE STEEL CasTINGS RESEARCH CoMMITTEE,”’ being 
a Report by a Joint Committee of the Iron and Steel Institute and 
the British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council. (Special Report No. 23.) 


Votes of Thanks. 


On the motion of the CHarrman (Sir Harold Carpenter, F.R.S.), 
a vote of thanks was accorded to the Institution of Civil Engineers 
for their hospitality in allowing the use of their Lecture Theatre 
for the Meeting. 


Dr. C. H. Derson, F.R.S. (Vice-President, Teddington), then 
moved a vote of thanks to Sir Harold Carpenter for his conduct in 
the Chair. This was not the first occasion, he said, on which Sir 
Harold had stepped into the breach when a President had been 
unable to attend. It might be of interest to mention that Sir 
Harold had recently been made an Honorary Member of the 
American Institute of Mining and Metallurgical Engineers, and the 
citation stated that this was “In recognition of his distinguished 
achievements in the field of metallurgy as an investigator, teacher, 
administrator and organiser and director of research.” It had not 
been possible for that ceremony to take place in America, but 
advantage was taken of a visit by Dr. J. F. Thompson to England 
for the diploma to be handed by Dr. Thompson to Sir Harold at a 
lunch last week at the Savoy Hotel—a very happy function. He 
was sure the Members, when expressing their thanks to Sir Harold, 
would like at the same time to congratulate him on the very signal 
honour awarded to him. (Applause.) 


ADDITIONAL AUTUMN MEETING IN CARDIFF, DECEMBER 2 AND 3, 
1938. 


An additional Autumn Meeting was held in Cardiff on Friday 
and Saturday, December 2 and 3, 1938, by invitation of Sir Charles 
Wright, Bt., K.B.E., C.B. (Past-President), and Mr. J. S. Hollings 
(Vice-President). 

On the Friday a technical session was held, by kind permission, 
in. the Lecture Theatre of the South Wales Institute of Engineers, 
Cardiff, at 7.30 p.m. Mr. J. S. Hollings was in the Chair, and the 
following two papers were presented for discussion : 

L. F. Rervartz: ‘‘ The Development of the Open-Hearth Steelmaking 

Processes in Recent Years in the United States of America.” 
F. M. Gries and E. D. Martin : ‘‘ American Soaking-Pit and Reheating- 
Furnace Practice.” 














10 P ADDITIONAL AUTUMN MEETING IN CARDIFF. 


On the Saturday morning, a visit was paid to the East Moors 
Works, Cardiff, of Messrs. Guest Keen Baldwins Iron and Steel 
Co., Ltd., by invitation of Sir Charles Wright, Chairman, and Mr. 
J. 8. Hollings, Joint Managing Director of the Company. Motor 
buses conveyed the visitors to the works, where they arrived at 
about 9.30 a.m. The coke-oven and by-products department, the 
blast-furnace plant, the basic open-hearth melting shop, the cogging 
mill, the eight-stand continuous mill, the three-high, three-stand 
light section mill, &c., were available for inspection by the Members. 
Later, light refreshments were provided by the Company in the 
works’ canteen. 

pret 130 Members took part in the meeting and visit to the 
works. 

The Council desire to take this opportunity of expressing their 
warm appreciation to Sir Charles Wright, Chairman, Mr. J. 8. 
Hollings, Joint Managing Director, and the Directors and members 
of the staff of Messrs. Guest Keen Baldwins Iron and Steel Co., Ltd. 





(rahe) 


RECENT DEVELOPMENTS IN THE 
AMERICAN IRON AND STEEL INDUSTRY! 


By CLYDE E. WILLIAMS (Barttrette Memoriat INstTITUTE, 
CotumBus, OHIO). 


THROUGHOUT its history the American iron and steel industry 
has constantly striven to improve the quality and reduce the 
cost of its products. No one needs to be told how well it has 
succeeded. Its success in making steel products at such a low 
cost has been achieved mainly through large-scale production, and 
continual improvement in quality has come as a result of research 
—not only in the laboratory, but also in the large commercial 
units in the plant. In fact, so many operations of the industry 
are on such a huge scale that experimental work must be done 
under commercial operating conditions, and as a result every pro- 
gressive steel plant is a research laboratory. 

Changes have come gradually and continuously and few develop- 
ments have been sudden and spectacular. Their advent is scarcely 
recognised until they have become commonplace. It is only by 
looking back and comparing the requirements steel has to meet 
to-day and the large number and many types of steel now avail- 
able with those of fifteen or even ten years ago that one becomes 
aware of the progress that has been made. While the heavy steel 
products, structural shapes, rails and plates still fill a large and 
important need, and much progress in their production and metal- 
lurgy has been made, the so-called light steels, such as sheets, strips 
and tubes, are being used in increasing quantities. The light steels 
have had to meet constant demands for improved quality in strength, 
workability, corrosion resistance, flatness, uniformity in gauge and 
larger sizes. The steel industry has met these requirements and at 
the same time has effected reductions in cost even in the face 
of mounting taxes and wages. New compositions of steel, im- 
proved production methods and increased capacities have been 
instituted. Research has been applied to production problems as 
well as to the development of new products and the improvement 
of old ones. Much new capital has been invested in the industry 
in the face of the uncertainties of a prolonged business depression. 
Faith in the future, research-mindedness and receptiveness to new 
ideas characterise the iron and steel executive of to-day. 

It is estimated that in 1937 the iron and steel industry of the 
United States spent 10 million dollars for research and develop- 


1 Received August 9, 1938. 
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ment. Steel ingot capacity has been stepped up to over 70 million 
tons annually, and the twenty-eight continuous strip mills now 
operating or nearing completion alone represent an investment of 
300 million dollars. 

Most of the important developments have been a long time in 
reaching their present state. The operations and problems of the 
industry are so ramified as to make it impossible to discuss all the 
important developments in a paper such as this. The author has 
chosen only those developments that are in commercial use and 
that appeal to him as being of greatest importance. Many examples 
could be given of developments that give promise of wide use and 
of others of more scientific or technical interest. Undoubtedly, 
others would choose additional topics of equal or greater importance. 


Blast-Furnace Raw Materials. 


Starting with the raw materials for the blast-furnace, the trend 
has been towards higher quality and greater uniformity through 
beneficiation of the ore and washing of the coal from which the 
coke is made. 

Uniformity is at present largely obtained by grading ores. This 
step consists of mixing lean ore containing from 15 to 20% of silica 
with high-grade ore containing as low as 5% of silica to give a 
shipping grade of 7-8% of silica. 

Ore is beneficiated at the mine by crushing and screening, by 
concentration and by drying and sintering. The percentage of ore 
being beneficiated is gradually increasing. In 1936, 19% of the 
ore shipped from the Lake Superior district was treated by con- 
centration, drying and sintering. The so-called wash ores of the 
Western Mesabi range are treated by simple washing processes, 
whereas the partially leached semi-oxidised formations are con- 
centrated by coarse-crushing and jigging. These practices are being 
constantly improved. 

Although there is still an ample reserve of rich iron ore in sight 
to last the industry in America for many years to come, work is 
under way leading to the concentration of the low-grade iron ores 
which contain from 25 to 35% of iron. This requires fine-grinding, 
and the methods of separation are more difficult than those applic- 
able to ores now washed. The Eastern magnetite deposits occurring 
in New York and New Jersey are concentrated by magnetic separa- 
tion. There is a considerable production in New York State of 
sinter from ores so concentrated. 

Three plants, one in the West and two in the South, have 
adopted the practice of sizing the iron ore before charging it into 
the furnace. In these practices the ore is crushed to pass a 1}-in. 
screen and is separated into three or four sizes. The practice of 
charging sized ores greatly improves the distribution of gas in the 
blast-furnace, and results in lower coke consumption and higher 
output per furnace. Sintering the fines, 7.e., the “ through }-in.” size, 
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further improves the gas distribution and furnace operation. 
Sintering of flue dust at the blast-furnace, of course, is common 
practice, and this has now been extended to the sintering of fine 
ores, and one ore producer sinters raw ore at the mine. 

More attention has been given to the selection and mixing of 
coals based on their coking qualities and to the sizing of the coal 
to give complete mixing and best performance in the coke-ovens. 
The desirability of using coke of lower and more uniform ash con- 
tent has been recognised and an increasing amount of coal-cleaning 
is being done. 

As in the case of iron ore, the importance of the uniformity of 
size of coke has been recognised and increasing attention has been 
given to the size and the physical properties of the coke. Uni- 
formity in size and physical properties has been shown to be of 
great importance in contributing to smooth furnace performance. 
The trend towards narrower coke-ovens has been reversed and the 
newer ovens now being built are 17 in. wide. 


Blast-Furnace Operation. 


During the past eight years of depression, much has been 
learned about the operation of the blast-furnace at reduced rates. 
Three practices have been adopted: First, banking the furnace for 
long periods; second, intermittent blowing; and, third, operating 
at a reduced blast. The second method, that of intermittent 
blowing, or “ fanning ” as it is commonly called, has proved to be 
the most desirable. In this practice the blast is on at the custom- 
ary rate for 12 hr. and off for 12 hr. 

The trend is towards higher blast temperatures. Some furnaces 
now operate with preheat temperatures as high as 1550° to 1600° F., 
and temperatures of 1300° F. are common. Lower coke con- 
sumptions and higher outputs are reported from the use of higher 
stove temperatures. The higher temperature has been made pos- 
sible by an improved design of stove brick with smaller openings 
and the use of denser and more spall-resistant firebrick. By the 
use of the small checkers, stoves can be operated to burn larger 
amounts of gas efficiently and their capacities are increased there- 
by. Most plants have adopted the use of dust-catchers for the 
collection of flue dust in settling chambers. The use of gas cleaners, 
for the removal of fine dust, is expanding rapidly. Both the wet 
washer using water and the Cottrell electric precipitation process, 
formerly operated dry but now wet, are used extensively. The 
development of these effective gas-washing devices has made pos- 
sible the extensive use of blast-furnace gas as a fuel in the steel 
plant. 


Pig Iron. 


The primary requirement for pig iron is that it be uniform in 
composition, whether it is to be used for the foundry, the Bessemer 
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converter or the open-hearth. For charging molten to the basic 
open-hearth, the temperature of the iron should be high and uni- 
form. Hence, best steelmaking practice requires pig iron of uniform 
composition and of high and uniform temperature. Good blast- 
furnace practice will automatically give these requirements, because 
if the silicon and sulphur contents of the iron are within close 
limits, the temperature is bound to be uniform. 

The same requirements of uniformity of composition and 
temperature hold for the acid Bessemer. Experience has shown 
that Bessemer iron should not be too hot and too high in silicon 
or too cold and too low in silicon. Silicon specifications are usually 
1-00 to 1-75% and the most desirable temperature for charging to 
the converter is in the range 2200° to 2400° F. 

The increased requirements for steel of high workability and 
particularly of good deep-drawing properties have made it essential 
to produce more and more steel of lower sulphur content. Many 
of the deep-drawing grades of steel now require sulphur under 0-03% 
and in many cases as low as 0-02% is desired. To produce iron 
readily converted into such steel requires low-sulphur coke and high- 
lime blast-furnace charges. Obviously, it is difficult to produce 
low-sulphur and low-silicon iron at the same time. Silicon con- 
tents in basic pig iron are held as low as possible to avoid high slag 
ratios in the open-hearth. While the practice varies, the silicon 
content of iron will range from 0-6 to 1-5%, the lower content of 
silicon usually being used in hot-metal practice where high ratios 
of pig iron are used, and the higher silicon content for cold-metal 
plants where high ratios of scrap are used. High manganese con- 
tents are the rule in basic iron, and 1% or, more commonly, 1}- 
2% is preferred in many operations, although there is a trend in 
some plants to the use of lower manganese specifications. 

It has been common practice for many years to reduce occasional 
high sulphur contents to specification limits by additions of sodium 
carbonate to the metal in the ladle. This practice is being ex- 
tended to the regular use of soda ash or mixtures of soda ash and 
lime or fluorspar to secure uniformly low sulphur contents. Much 
study is being given to the possibility of making less basic slags in 
the blast-furnace and keeping the sulphur content of the pig iron 
low by desulphurisation in the ladle. 


Iron and Steel Scrap. 


Since 92% of the steel made in America, most of which is 
basic, is produced in the open-hearth, and scrap makes up about 
one-half of the metallic charge to the basic open-hearth, the quality 
and use of scrap have become an important subject. Although 
the percentage of scrap in the metallic charge may rise to con- 
siderably higher amounts in periods of low ingot production, as 
it did between 1931 and 1936, the normal amount is about 50%. 
Individual plants vary in this respect. On the one hand is the all- 
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cold-metal plant, situated in districts where scrap is cheap, which 
uses upwards of 75% of scrap, and on the other is the integrated 
steel plant which uses all-hot-metal, either pig iron or Bessemer 
blown metal, and relatively little or no outside scrap. Intermediate 
between these are plants using, say, from 30 to 60% of pig iron, 
some as hot metal and some as cold pig. It is also customary in 
many plants to use considerable amounts of scrap in the blast- 
furnace, 15% usually being considered the maximum allowable. 


Residual Metals in Scrap. 


In any case, where important amounts of scrap are used, con- 
tamination of the steel with the residual metals in the scrap is a 
possibility that must be closely watched. It is increasingly difficult 
to select scrap known to be free from or extremely low in residual 
metals. This is due to the fact that alloy steel is becoming more 
widely used. Both ferrous alloys and non-ferrous metal get into 
the steel scrap by imperfect separation in the preparation of scrap 
from automobiles and other machines that use such materials. 
The return of such steel in the form of scrap is quite rapid. 

For some uses a low content of residual metals is essential; 
for others it is not particularly important; for still others, the 
residual metals may be utilised as an asset. 

Insufficient knowledge is available as to the effects of a few 
hundredths of one per cent. of the various residual metals on the 
workability of steel, both in its manufacture and in its fabrication, 
or as to their effects on its other properties, to warrant the setting- 
up of limits of contents of the various metals. 

The residual-metal content of steel varies, of course, depending 
upon the amount and quality of the scrap used. Plants charging 
their open-hearths with high ratios of pig iron or Bessemer blown 
metal and their own scrap may make steel free or substantially free 
from residual metals. ‘Typical examples of such practices show 
steel containing in one case 0-01 % of copper and no nickel, chromium 
or tin, in another 0-02% of copper, 0-006% of nickel and no 
chromium or tin, and in a third 0-04% of copper, 0-015% of nickel 
and 0-022% of chromium. At the other extreme a plant using 
25% of pig iron and 75% of miscellaneous scrap produces steel 
the average residual-metal composition of which is 0-28%, of copper, 
0-053% of nickel, 0-052°% of chromium, 0-038% of tin, and 0-01% 
each of antimony and arsenic. This example, however, is unusual. 
The average for ten large plants, all of which use important 
amounts of outside scrap, is as follows: 0-12% of copper, 0-045% 
of nickel, 0-032% of chromium and 0-016% of tin. 

In deep-drawing steel, to obtain uniformity in the draw and to 
avoid the breaking of the steel, the contents of residual metals, most 
of which are either carbide-forming or ferrite-strengthening elements, 
are kept low. Lacking knowledge as to the effects of the various 
residual metals, the expedient is adopted of placing a maximum 
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allowable figure for the copper content, whereby all the other 
elements are automatically kept down. Thus it is that in some 
specifications for deep-drawing steel the content of copper is kept 
at a maximum of 0-08%. Similar specifications exist for tinplate. 
In order to produce such steel, it is often necessary to select 
scrap of low content of residual metals. Where this is impracticable, 
larger percentages of pig iron are used. The steel industry in 
America, having ample supplies of pure iron ores and large blast- 
furnace capacity, can avoid outside scrap and use the requisite 
amount of pig iron or Bessemer blown metal to meet the most 
exacting specifications for residual-metal content. Where a low 
alloy content is not required by the user, uniformity in properties 
of the steel demands a uniform content of residual metals. This is 
obtained by knowing the alloy content of the scrap and mixing 
it by various means to ensure a uniform content in the metallic 
charge. The selection and preparation of both outside and plant 
scrap are receiving more attention, and much progress has been made 
in this direction in recent years. By this means the presence of 
alloys in scrap can be used advantageously, as is now done in the 
production of copper-bearing atmospheric-corrosion-resistant steels 
containing about 0-2% of copper, and may also be done in the 
production of steels of higher strength and better corrosion re- 
sistance having still higher contents of copper and other metals. 


Open-Hearth Operation. 


Fuel.—Many furnaces have been equipped with automatic 
control of combustion by which the open-hearth furnace burners 
are automatically reversed at the proper time to avoid lag in heating 
up the cold end of the furnace, thereby giving faster heats and more 
uniform operation. Appreciating the value of automatic control, 
open-hearth operators whose furnaces have not been so equipped 
have paid more attention to hand control and, in general, have 
achieved similar results. 

Several shifts in the type of fuel used in the open-hearths have 
occurred in recent years. The old gas-producer has been largely 
replaced in America, first by coke-oven gas and tar, coke-oven 
gas and blast-furnace gas, oil and finally natural gas. The choice 
of coke-oven and blast-furnace gas, oil and natural gas is largely 
a matter of economics. Difficulties with the use of natural gas 
which prevailed in the early days of the introduction of this new 
fuel have been overcome. 

Refractories.—Refractory life, especially in roofs, has also been 
markedly increased as the result of better control of combustion 
and the maintenance of a balanced draft over the hearth. 

Along with the exercise of more care and greater control in 
the production of steel, resulting in a better and more uniform 
quality of product, costs have been reduced through economies in 
fuel and through longer furnace life. Improved refractory life has 
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been obtained. The most outstanding development in refractories 
in steel-melting practice in the past ten years has been the insula- 
tion of open-hearth furnaces. Insulation has reduced the heat 
losses through the walls, so that equivalent heat transfer in the 
bath can be maintained with less fuel consumption or with lower 
flame temperatures, with the resultant less cutting action of the 
flame and gases on the lining. The temperature gradient through- 
out the brick is smaller, and thermal spalling of silica roofs has 
been consequently decreased. In general, the lower the thermal 
efficiency of the furnace, the greater is the saving in fuel effected 
by insulation. The complete insulation of furnaces has given an 
increased life of roof of 10 to 25% and a fuel saving of 10 to 15%. 
In highly efficient furnaces, insulation gives a somewhat lower fuel 
consumption, but only at the sacrifice of lining life. 

Slag Control.—Control of the bath through control of the slag 
is receiving much study. An earnest effort is being made to change 
slag control from empiricism into quantitative measurements. 
Viscosity determinations are widely used and the measurement of 
other physical properties of slag that may reflect its behaviour in 
the furnace is being considered. Something is sought to supplement 
visual examination of slag as the carbometer supplements fracture 
tests for the steel. 

The increased knowledge and application of the physical 
chemistry of steelmaking are noteworthy, especially as this new 
understanding is not confined to metallurgists but is shared to 
an astonishing degree by superintendents, melters and first helpers. 

Most of the low-carbon steel is, of course, rimmed. The rim- 
ming action has been given scientific attention, and is under excel- 
lent control as the result of control of the slag and the composition 
and temperature of the steel. The judicious addition of aluminium 
when needed to start the rimming action in the mould assures 
the formation of a suitable thickness of skin on the ingot. 


Bessemer and Free-Machining Steels. 


Owing to the preponderantly large production of open-hearth 
steel in America, Bessemer steel in the past has not received the 
study it deserves. In American practice, Bessemer steel is made 
in bottom-blown converters ranging in capacity from 10 to 25 tons, 
the trend being towards the larger sizes. 

Most of the finished Bessemer steel contains under 0-20% of 
carbon, and goes into pipe skelp, free-machining steel, sheet and 
tinplate. A large tonnage of Bessemer blown metal is used in place 
of scrap in the basic open-hearth to produce duplex steel. Its 
composition can be controlled within close limits, it is free, or 
relatively free, from residual metals, and its use makes possible the 
saving of time in the open-hearth. 

Bessemer steel is characterised by excellent weldability, stiffness 
and a high degree of machinability. It is highly sensitive to work- 
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hardening. This, in part, accounts for its excellent free-cutting 
properties, which are further improved by additions of sulphur. 

Recently, a new free-machining open-hearth steel has been de- 
veloped. This steel contains lead, usually in amounts of about 
0:20%. The presence of this amount of lead evidently improves 
the machinability of the entire range of free-cutting steels. The 
effect of lead on machinability is additive to that of sulphur, and the 
lead in the amounts used does not affect the mechanical properties 
of the steel. 

All these matters individually scarcely classify as new develop- 
ments, but the steady advancement on every front towards uni- 
formity does, in the aggregate, amount to real achievement. It 
deserves comment, too, that this is not merely an attribute of a few 
plants, but applies to the industry as a whole. For this condition 
credit is due to the operators’ free exchange of information brought 
about by the work of the Committee on the Physical Chemistry of 
Steel Making, and the Open-Hearth Conferences and Blast-Furnace 
Conferences held under the auspices of the American Institute of 
Mining and Metallurgical Engineers. Likewise, papers presented by 
members of the industry at meetings of the American Iron and Steel 
Institute have been of great practical value. This sharing of informa- 
tion and experiences has brought the operators to the point where they 
have considerable assurance that two heats of steel can be brought 
out that are really alike and has thus paved the way for the very 
important advance of grain-size control, a matter in which American 
steel plants appear to have gone much farther than those abroad 


Grain-Size Control. 


In steel which is to be heat-treated the control of grain size 
is at least as important as is the introduction of alloying elements. 
Originally developed for carburising steels and tool steels, it has 
far outgrown those fields, so that most forging-grade steel is now 
made under grain-size and coarsening-temperature specifications. 
It is estimated that 75% of all killed steel made in the United 
States is made under specifications requiring grain control. In 
general, it is now possible to produce steels of coarse or fine grain 
at will, by the omission or regulated addition of aluminium to steel | 
of just the proper degree of oxidation. Intermediate grain size 
cannot be so definitely controlled as yet, but progress is being made | 
through the use of vanadium, titanium and zirconium, separately 
or in various combinations along with aluminium. | 


“ce 


The old problems of “ body,” “timbre,” or “innate quality ” 


and disconcerting variations in creep resistance of supposedly similar 
steels have lost much of their mystery; simple alloy steels have been 
substituted for complex ones; and cheap alloying elements are now { 
used where expensive ones were previously required, all by virtue 
of controlled grain size. The understanding of this phenomenon 
has cleared up many perplexing questions, and it has certainly been 
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a long step forward towards the maintenance of uniformity in heat- 
treated products. It has important implications, also, in the pro- 
duction of mildly alloyed steels free from undesired hardening on 
welding. The upswing in fabrication by welding is outside our 
subject, but it has greatly influenced steelmaking processes. 


Pit Practice. 

After the steel is finished, pouring practice, mould design and 
soaking-pit practice must all be so regulated as to maintain the 
uniform quality of the melt, and, of course, to get the highest yield 
compatible with quality. Extreme care to avoid the introduction 
of non-metallic inclusions, the increased use of big-end-up, hot- 
topped moulds for killed steel, and improved soaking-pit design and 
practice, with attention to mould design to avoid cracked ingots, 
and to mould and stool life, both for improvement in quality of the 
steel surface and for cost reduction, all characterise this stage of 
production. Copper stools are an interesting innovation. By their 
use the mould life has been increased, stripping has been facilitated 
and much of the butt crop eliminated. For casting highly alloyed 
steel in big-end-up moulds, the use of copper inserts in cast-iron 
stools has given increased stool life and facilitated stripping. 


Mill Practice. 

In the heavy rolled products perhaps the most interesting devia- 
tion from old practice relates to rails. The theory that shatter 
cracks, produced in an occasional heat during cooling on the hot 
bed, are nuclei for transverse fissures is now quite thoroughly 
accepted. Attention is being paid to the hydrogen theory as the 
foundation for possible means for avoiding these occasional heats, 
as, for example, by the maintenance of controlled high-iron-oxide 
slag, but, pending developments that might make special heat- 
treatment unnecessary, it is now customary to deal with all rails 
as if they might contain shatter cracks and prevent the appearance 
of the cracks by controlled cooling. Generally speaking, the methods 
used are along the lines simultaneously worked out at various plants 
in America and by the Sandbergs in England. There is still some 
discussion as to the exact range of temperature through which 
slow cooling should be applied. 

Continuous normalising is being applied by at least one plant 
and, when so ordered, the ends of the rails are hardened by an air 
blast to reduce end-batter in service. End-hardening by a variety 
of means is being experimented with, though the tendency towards 
the welding of rails into mile-long stretches may avoid the necessity. 


Mill Practice on Light Products—Plain Carbon 
Steel Sheets and Strip. 


With the introduction of the continuous wide hot- and cold- 
reduction strip mills, sheets became available in larger dimensions, 
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up to 96 in. in width and of any desired length, with better surface, 
and greater uniformity of thickness. At the same time improvement 
in annealing and cold-rolling practices provided a sheet with better 
mechanical workability, particularly deep-drawing properties. As 
a result, an increased outlet for plain carbon sheet steel was made 
available, for assemblies requiring large pieces to undergo deep- 
drawing, such as the various parts of automobiles, refrigerators 
and wash tubs. Difficulty is experienced in producing such parts 
by deep-drawing operations, owing to the formation of such sutface 
imperfections as the “ orange peel” effect, caused by too large a 
grain size, or ‘‘ stretcher strain,” usually caused by too fine a grain 
structure. To produce a steel that will withstand excessive deep- 
drawing and at the same time not develop stretcher strains is 
difficult, because when sufficient ductility is developed by annealing 
the phenomenon of stretcher straining occurs. This can be elimin- 
ated by cold-rolling, but this in turn makes the steel more susceptible 
to ageing or the loss of ductility. Present practice is to make a steel 
of medium grain size, by annealing, and to cold-roll or roller-level ; 
then to use the steel as soon thereafter as possible. Some large users 
cold-work the steel prior to deep-drawing it. Fine-grain non-ageing 
steels have been developed by killing or semi-killing the steel with 
aluminium or aluminium and titanium, but these have not become 
commonly used as yet. The general practice is for the customer to 
use the steel as soon after the cold-rolling operations as possible. 

As was mentioned in the discussion of raw materials, adven- 
titious metals such as chromium, copper, nickel and tin, which 
normally come from residual metals in scrap and which cause harden- 
ing of the steel, are kept to a minimum. Ordinarily, by placing 
a maximum limit on copper of about 0-1%, the other residual metals 
are automatically kept low. Sulphur, which also causes hardening 
in the deep-drawing operation, and may cause tears if too high, 
is usually kept under 0-03% in deep-drawing steel. 

Along with the development of continuous wide strip mills, 
normalising of the steel has to a large degree displaced box-anneal- 
ing, although a large amount of box-annealing is done and this 
treatment frequently follows normalising to obtain desired properties. 
The normalising is now done in long furnaces which are an im- 
provement over the old open annealing type of furnace used in 
making blue-annealed sheets. In these new continuous-type furn- 
aces heating is usually done in muffles and a non-oxidising or re- 
ducing atmosphere is maintained in the soaking and cooling zones 
of the furnace to avoid scale formation. The soaking temperature 
is above 1700° F. Lower temperatures are required in box-anneal- 
ing, the limit being the temperature above which sticking of the 
sheets will take place. Customary box-annealing temperatures are 
from 1150° to 1400° F. Continuous box-annealing furnaces are 
now in use in which the boxes of sheet are passed through a long 
tunnel kiln on cars, 
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In the old box-annealing practice sheets became scaled or dis- 
coloured around the edges during the cooling period as a result 
of infiltration of air. To avoid this and to retain a bright surface, 
“ deoxidised ”’ sheets were made by permitting a reducing gas to 
flow into the boxes during the cooling period. This practice has 
now been vastly improved upon by the development of the bright- 
annealing furnace. In this new type of furnace the old cast-steel 
or welded-plate-steel cover has been replaced by a cover which 
contains the heating element, and the boxes are no longer put 
within a furnace. These covers are usually heated by radiant 
tubes made of high-chromium steel and heated internally by gas. 
Electric resistor heating is used in a few installations. A controlled 
atmosphere is maintained within the furnace by admitting a pre- 
pared gas that is non-oxidising to the steel. This gas is made by 
the partial combustion of natural gas or by various other means. 
The resultant steel has a bright surface and can be used for many 
purposes without further surface treatment. 

A most important recent development in tinplate production has 
been the application of the continuous cold-reduction mill. Al- 
though hot-rolled tinplate production still represents about two- 
thirds of the total, cold-reduced tinplate is gaining rapidly, and it 
has many advantages. The can industry prefers low-phosphorus 
steel for some purposes because of its better resistance to corrosion 
in certain media. In pack-rolling 0-07-0-10% of phosphorus is 
required in the steel to avoid sticking. This, of course, is un- 
necessary in the cold-reduced steel. Cold-reduced tinplate is pre- 
ferred to the pack-rolled product, because it is more ductile owing 
to its lower phosphorus content and it can be seamed or stamped 
more easily because of its more desirable grain structure; also, the 
gauge thickness is more uniform and the surface is smoother. When 
cold-reduced tinplate was first introduced, the can-makers had 
difficulty in forming can bodies owing to fluting, or the formation 
of parallel, longitudinal breaks in the continuity of the curved 
surface. This was overcome by giving the steel an additional cold- 
reduction after annealing, amounting in some cases to as much 
as 4%. 


Metallic Coatings. 


Although no major changes have been made recently in the 
tinning operation, tests have been made on the continuous hot- 
tinning of steel strip, and large-scale work is under way on the 
electrolytic deposition of tin on both sheet and strip. A process 
which has been given considerable publicity consists of the deposi- 
tion of tin from a cyanide solution. The coated sheet is dipped in 
hot oil to brighten the electro-tinned surface. Fewer pin-holes and 
a more ductile coating are advantages claimed for this process. 
Wide electro-tinned strip with a coating less than half that on 
common hot-dipped coke plate is now available. 
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Terne plate is now being produced in large quantities for special 
purposes with much lower weights of coatings than were formerly 
used. Less than 1} lb. per base box of lead-tin alloy coating is 
being applied, whereas the ordinary terne coating runs as high 
as 4 Ib. per single base box, and heavily coated plate as high as 
10 to 20 Ib. per single base box. 

As a result of a campaign conducted by the American Zinc 
Institute, a considerable tonnage of galvanised sheet for structural 
purposes is now made with a minimum of 2 oz. of zinc per sq. ft. 
This has been shown to increase the life of the sheet when exposed 
to normal atmospheric corrosion. Improvement in the quality of 
galvanised sheet has resulted in a widely increased market for this 
product. By the addition of 10 to 20% of tin to the zinc bath, the 
adherence of zinc on hot-dipped galvanised sheet has been greatly 
improved. Likewise, even a fraction of one per cent. of aluminium 
greatly aids adherence, but causes difficulties in fluxing, which 
are being overcome. Better adherence permits the fabrication of 
articles from galvanised sheet where forming operations previously 
caused the flaking-off of the zinc. 

Another development in zinc-coated steel is the electrolytic 
deposition of zinc on steel wire. This process has been commercial- 
ised by two companies. One uses insoluble anodes and an electrolyte 
made by leaching calcined zinc concentrates; the other uses soluble 
zinc anodes and deposits the zinc by the usual electroplating method. 
The wire is plated while being drawn through a bath at a rate of 
50 to 200 ft. per min. One obvious advantage of the process is 
that a uniform coating of any desired thickness can be applied. 
Experimental work is under way on the application of this process 
to the zinc coating of sheet. 

Galvanised sheets have been subject to the disadvantage that 
paint either failed to adhere or became discoloured by the oxida- 
tion of the zinc. This problem has been approached by the pro- 
duction of ‘‘ galvannealed ” sheet, which is made either by passing 
the galvanised sheet through a furnace at elevated temperature 
or by playing a flame on the surface of the sheet. The dulled 
surface of the galvannealed sheet is often brightened by pickling 
in phosphoric acid or sodium cyanide solution. More recently, a 
chemical treatment has been adopted to prepare the surface of 
galvanised sheet for painting. In this process, the zinc-coated 
sheet is immersed in a phosphate bath which produces an adherent 
coating on the zine surface. This provides not only an excellent 
grip for the paint but also reduces the discoloration and deterioration 
of the paint. 


Enamelling Sheet. 


For permanence and decorative effects, vitreous-enamel coat- 
ings on steel are being widely used. The steel industry has made 
important advancements in the production of sheet steels of good 
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enamelling properties. These steels are low in carbon content 
to avoid blistering or pin-holing of the enamel and are normalised to 
avoid the segregation of carbides. The sheets are preferably given 
a roughened surface to improve the enamel adherence, which is 
done either by rolling with etched rolls or by pickling. The enamel 
manufacturers have made great progress in developing enamels to 
give excellent adherence, resistance to shock, freedom from de- 
fects, and good appearance. 


Surface Treatment and Priming Coats. 


Sheets and strip which are pickled prior to shipment are oiled 
to protect the surface from rusting. Straight mineral oils or com- 
pounded oils containing fats and vegetable oils are used for this 
purpose. This treatment, however, is not entirely satisfactory, 
because the customer dislikes to remove the oil from the sheet before 
use and the surface is not rust-proof. Some success had been 
had with the production of a “dry” sheet by treatment after pick- 
ling with phosphoric acid or sodium cyanide. 

A more drastic treatment which has now become standard 
practice, especially in fabricators’ plants, is that of ‘‘ bonderising.”’ 
In this process the sheets are dipped in an aqueous solution of 
phosphates which produces on the sheet a coating less than 
0-0005 in. thick. This coating adheres to the surface of the sheet 
and provides an excellent base for painting. The treatment is 
customarily used prior to painting with a baking enamel in the 
production of automobile bodies, refrigerator boxes, and other 
products requiring a long-life protective coating. 


Sheet for Atmospheric Corrosion Resistance. 


Where improved atmospheric corrosion resistance is required 
the presence of about 0-20°% of copper has now been largely accepted 
as good practice. This is true for bare as well as painted sheets. 
Copper-bearing steel is so old and well-established that it deserves 
mention here only because it was the forerunner of other types. 

Recent developments have shown that the presence of about 
0-10% or more of phosphorus, particularly with substantial copper 
contents, that is, above 0-20%, increases the atmospheric corrosion 
resistance of these steels considerably. Such steels begin to rust 
as quickly as a carbon steel, but as time goes on the rust coating 
becomes protective and rusting slows down. Foreign literature is 
sometimes sceptical of the corrosion resistance of these steels, on 
the basis of only a few months’ initial exposure. American ex- 
perience with such steels is based on years of exposure, so there is 
reliable foundation for our certainty as to their serviceability. 

So long as the carbon content is kept at 0-10% or lower, there 
are no apparent detrimental effects due to phosphorus on the 
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normal workability except for deep-drawing properties. If the 
total content of phosphorus and carbon is kept below 0-25%, the 
impact value and toughness are not unduly affected. The avoid- 
ance of hardening on welding is favoured by the substitution of 
phosphorus for carbon. 

The strengthening effect of both copper and phosphorus is 
utilised in many members of a new class of structural steels. 


Low-Alloy, High-Yield-Strength Steel. 


As the trend of industry towards lighter structures increased, 
especially in the transportation industry, it was only natural that 
a requirement should develop for materials of higher strength. 
Since the purpose of such structures would be primarily to reduce 
weight at the lowest possible increase in cost and without sacrificing 
serviceability or ease of working and assembly, steels to fill this 
need should preferably combine a high yield strength, good forma- 
bility and weldability, ductility at least equivalent to that of the 
low-carbon unalloyed steels, and, in many cases, an increase in 
corrosion resistance at least equivalent to the increase in strength. 
The properties should preferably be obtainable without the neces- 
sity of any heat treatment. 

Much research and development work has been done, especially 
during the past five years, and several steels that meet these re- 
quirements have been commercially developed and put to use. 
About 150,000 tons of such steels are now used annually, and the 
consumption is increasing rapidly. The principal use of such steels 
has been in freight cars, passenger cars, the stream-lining of loco- 
motives, passenger buses, trucks, booms, drag-line buckets and the 
like. Some remarkable welded structures are built up from heavy 
plates of steels of this class. 

The products have been in the form of plate, sheet and light 
structural shapes, furnished in the as-rolled or normalised condition. 
The steels are not designed to be heat-treated. 

These steels are not to be confused with the older structural 
steel containing 0-20-0-40% of carbon and high manganese and 
silicon contents which have been used for riveted structures in 
bridges, shipbuilding, &c., as these latter steels are not suitable for 
welding without stress-relieving, and they are not easily cold-formed. 

In the newer steels improved strength properties are obtained 
by the use of 1-3% of alloying agents, keeping the carbon down to 
retain high impact values and to avoid embrittlement in welding 
and, incidentally, to improve the corrosion resistance. Chromium, 
copper, nickel, manganese, phosphorus and silicon have been used 
to confer the properties of higher strength, whereas molybdenum, 
vanadium, aluminium, and titanium have been used for grain 
refinement to increase the ductility and impact resistance. Copper 
and phosphorus, and, to a lesser extent, chromium, in the small 
amounts used, confer corrosion resistance against atmospheric attack. 
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The carbon content of these steels is kept below 0-:15% in most 
cases to avoid embrittlement in welding. When phosphorus is 
used in amounts from 0-10 to 0-15%, the carbon is held usually at 
about 0-:10%. Another grade of steel is made in which the carbon 
range is from 0-15 to 0-25%, with lesser amounts of alloying agents 
than in the lower-carbon steels. These steels are used in non-welded 
structures or in those in which a stress-relieving heat treatment 
is feasible. ' 

Examples of low-alloy steels that are now in commercial produc- 
tion are given in Tables I. and II. 

Copper is used in all these steels in amounts ranging from 0-20 
to 140%. Copper contents up to, say, 0-50% give increased cor- 
rosion resistance but contribute only a minor strengthening effect. 
In amounts above 0:50%, copper has an increasing effect on the 
strength as the percentage of copper is raised. In rolling strips, 
sheets or plates, if extreme care in heating the ingot or billet is 
employed, less than 0-50% of copper does not unduly affect the sur- 
face of the steel, although it may cause a roughening at the edges. 
In amounts higher than 0-50%, a characteristic surface checking may 
take place, which increases in effect with increasing copper content. 
This difficulty is best overcome by using nickel in amounts ranging 
from one-third to one-half of the copper content. This largely 
accounts for the nickel content in some of the higher-copper steels, 
although nickel is known to confer improved resistance to atmo- 
spheric corrosion as well. One steel is made containing about 1% 
of copper with no nickel addition. In this case the heating tempera- 
ture of the ingot or slab or bar is kept lower than is customary, and 
care is used to avoid the abuse of the steel in rolling. Plates, 
sheets and strip of acceptable surface have been made from such 
steel, although the edges have had an excessive amount of heat 
checks, but it is doubtful whether this steel could be made satis- 
factorily in shapes the edges of which must be kept smooth. 

Phosphorus is used to strengthen the steels and, as noted above, 
if the sum of the carbon and phosphorus contents is kept below 
say, 0-25%, difficulties from embrittlement may be avoided. A 
larger factor of safety may be secured against the possible harmful 
effect of a segregation of phosphorus by making the grain size 
small through suitable aluminium, vanadium, titanium or similar 
additions. The embrittling effect of too high a sum of carbon plus 
phosphorus may also be opposed by alloying. For this purpose 
1% of chromium is quite effective, with copper and manganese 
helpful but less effective. Silicon, on the other hand, augments 
brittleness, and more than 0-5% should be avoided in the steels 
carrying high phosphorus unless counterbalanced by some helpful 
alloy such as chromium. In addition to its improvement of the 
strength, phosphorus, especially in the presence of copper, contri- 
butes materially to corrosion resistance. Chromium, of course, im- 
proves the strength, and in combination with the other elements, and 
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in sufficient amount, doubtless contributes to atmospheric corrosion 
resistance. Nickel in the 2% nickel, 1% copper steel is present in 
sufficient amounts to improve the corrosion resistance materially. 

In all of these steels, the strength properties may be varied 
by different rolling conditions, the strength increasing with the 
amount of cold-work. In this manner, the steels containing lesser 
amounts of alloying agents can be given strengths comparable to 
those of steels containing the higher amounts of alloying agents, 
though the strength so conferred is not retained on welding. 

All these low-alloy steels are undergoing constant improvement. 
Whilst information is being developed rapidly as to the effect of 
various addition elements, the subject is complex, owing to the 
fact that elements have different effects in different combinations. 
In various instances, the effect of adding one alloying agent to a 
steel already containing others is not merely additive. In some 
cases the effect may be very much greater than in the case of the 
addition to a plain carbon steel. Important advances in this field 
are to be expected. 


Steel Castings. 


Steel foundry practice has been advanced to the point where 
sound castings, free from hidden defects and of uniformly good 
mechanical properties, are the rule. Normalising has practically 
replaced full annealing, and with the increase in normalising, alloy 
steels suitable for this treatment have been developed. Such develop- 
ment has been spurred on by the railroad specifications for “ grade 
C” steel, of 90,000 lb. per sq. in. tensile strength, 60,000 lb. per 
sq. in. yield strength, 22° elongation, and 45% reduction in area. 

Several types of steel castings are now produced to meet re- 
quirements for higher strength. The manganese-nickel steel, which 
contains 1-40-1-70% of manganese and 1-0-1-40% of nickel (pre- 
ferably 1-20-1-25%) is normalised and drawn. Another steel 
containing the same amount of manganese and about 0-04% of 
titanium is produced and given a similar heat treatment, although 
progress has been made in avoiding the draw by keeping the man- 
ganese content on the low side of the specification. ‘The properties 
of this steel are improved by the addition of about 1-0% of copper. 
Still a third steel of this type has been produced which in place 
of the titanium contains about 0-1% of vanadium. Other steels 
are being made with 1-0-1-2% of copper, which, while not designed 
to meet the “grade C” specifications, have considerably better 
mechanical properties than the mild-steel castings. 

Still higher properties are obtained with special alloy cast steels, 
liquid-quenched and tempered, the practice being applied to some 
surprisingly large and intricate castings, in large-scale commercial 
practice. 

As in the mills, the foundries are working for quality and uni- 
formity. Sand control and sand reclamation are well advanced. 
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While cement-bonded moulds are so far used in only a few foundries, 
all are watching this development with interest. 

Much light has been thrown on the question of the aluminium 
deoxidation of steel castings by the recent work of Sims. In order 
to avoid porosity in steel castings it is frequently necessary to 
add aluminium. This practice often results in the production of 
steel of low ductility. Sims has shown that there is a definite 
amount of aluminium that will give minimum ductility. Lower 
additions will not prevent porosity, but larger additions will both 
deoxidise and cause recovery of the ductility. This minimum 
quantity of aluminium varies with the sulphur content and also with 
the degree of oxidation of the bath. What is required for the re- 
tention of high ductility is that sufficient aluminium be added to 
deoxidise the steel completely and leave some excess aluminium. 
In this case the steel is not dirty, the inclusions being finely dis- 
persed and discontinuous. Ordinarily, 14 to 3 lb. of aluminium 
per ton are required. Thus the judicious use of aluminium does 
not make for dirty steel. In fact, the whole subject of inclusions 
in steel is being looked upon by production metallurgists and users 
alike as having relatively little effect upon steel quality. The large 
inclusions that get into steel by accident from the slag or from 
the refractories without question are deleterious, and every means 
is being taken to avoid them. The microscopic normal inclusions 
resulting from chemical reaction within the metal, if well distributed, 
probably have little effect on steel for most commercial uses. If, 
however, such inclusions are formed in groups or chain-like masses, 
low ductility in steel castings and bad effects in other types of steel 
may be expected. 


Alloy Steels for Heat Treatment. 


The tendency towards the demand for specialty steels is, as 
mentioned, a rapidly-growing one. While more varieties of the 
moderately alloyed steels are being put in commercial production, 
this is largely the result of the determination to use no more complex 
an alloy, no higher concentration of alloy, and no more expensive 
alloying elements than the service demands. The net result is often 
an unscrambling of a former more complex alloy and the use of a 
carefully controlled balance of carbide-forming and ferrite-strength- 
ening elements, plus a small but accurate addition of an element for 
the control of the grain size. 


Special-Purpose Steels. 


Accumulated information on resistance to oxidation, to corrosion 
conditions, and to creep at high temperatures has led to the develop- 
ment of special steels for use in the petroleum industry, in which 
each alloying element is carefully chosen and balanced for the 
particular property it confers against the life and cost. Typical 
of these is the popular 5% chromium, 0-5% molybdenum steel, 
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which is made in large tonnages, but there are many members of 
the group. The addition of aluminium and silicon for improving 
corrosion resistance and of carbide stabilisers such as columbium 
(niobium) and titanium for avoiding carbide embrittlement and 
hardening on welding, is leading to a whole group of special steels. 
Some of these have made possible worth-while advances in power- 
plant engineering, where the increased temperatures and steam 
pressures make severe demands on materials of construction. 


Stainless Steel. 


Since the introduction, twenty-five years ago, of the 12% 
chromium steel for cutlery, the use and technology of stainless 
steel have advanced rapidly. Research workers have discovered 
many fundamental facts concerning the complex metallurgy of 
this group of alloys, and the industry in a remarkably short 
time has developed production methods, improved the product, and 
built up a market for approximately 100,000 tons of this com- 
mercially noble metal at a selling price of from 30 to 60 cents a 
pound. Large uses have now been extended to include sheathing 
for roofs and sides for buildings, for protective and ornamental 
purposes, decorative trim for automobiles, structures and equipment, 
corrosion, wear and high-temperature resistance in the chemical, 
petroleum and other process industries, light-weight transportation, 
and furniture. It has numberless minor uses. Stainless steel 
in wrought form possesses three outstanding characteristics, namely, 
beauty, resistance to tarnish and corrosion, and high strength. 
Its resistance to corrosion and tarnish is due to the remarkable 
properties possessed by the first product of corrosion, namely, 
chromium oxide, which is adherent, impervious, relatively colour- 
less, and possesses high mechanical and chemical stability. 

The corrosion problem is little understood, and well it may be, 
when one considers the almost unlimited types of corrosive media 
to which stainless steel is subjected. Important progress has been 
made, however. Although the corrosion resistance of stainless 
steel is conferred largely by the presence of chromium in amounts 
greater than 12% and is due to the resulting chromium-oxide film 
produced by the corrosion, it is known that other alloying agents 
confer increased corrosion resistance under certain conditions. 
Nickel, in the 18% chromium, 8% nickel grade, adds to the cor- 
rosion resistance in a wide variety of media. For specific cases, 
molybdenum and copper likewise aid in improving the corrosion 
resistance, while silicon, aluminium and even cobalt find some 
application. 

An important factor in increasing the utility of stainless steels 
has been the development of welding technique. Fusion welding, 
spot welding, and shot welding are all now commercial practices. 
In welding stainless steel, more particularly in gas welding or in 
fusion welding, the area adjacent to the weld is often susceptible 
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to corrosion. Two methods are used for combating this pheno- 
menon. The first is to adjust the contents of chromium, nickel, 
and carbon so that the ratio of carbon to chromium is below the 
point at which chromium-rich carbide will form. The second, and 
more effective, method is to add to the steel elements that will be 
more strongly carbide-forming than chromium and thus prevent 
the chromium carbide from forming and precipitating. Successful 
results have been obtained by the use of columbium (niobium), 
titanium, molybdenum and vanadium for this purpose. Columbium 
is the most effective of these elements, owing either to its greater 
chemical stability at high temperature in contact with air or to its 
greater power to form carbides. 

The high corrosion resistance of 18/8 stainless, coupled with its 
high strength, has made possible its use in the transportation in- 
dustry, chiefly in high-speed railroad trains and, though still on a 
rather experimental scale, in aircraft, where lightness is essential. 
To take advantage of the high strength of the cold-rolled steel 
and to avoid reduction of strength in fusion-welded sections, the 
shot-weld process has been developed. This process consists in 
welding lapped sections in spots by a combination of pressure and 
electric-resistance heating effected by pressing the two electrodes 
against opposite sides of the lapped section. By exercising a fine 
control over the time of welding and the volume of current, excel- 
lent results are obtained. The metal at the welded spot is heated 
to about 2000° F. during the operation, and upon removal of the 
electrodes is immediately quenched by the surrounding metal, thus 
subjecting the metal automatically to an ideal heat treatment. 

An important development that has only recently been made 
public is the use of manganese in the 18% chromium, 8% nickel 
and more highly alloyed types of stainless steel. A range of steels 
containing various contents of manganese and nickel is under de- 
velopment. In general, such steels are intermediate in properties 
between the austenitic 18% chromium, 8% nickel and the ferritic 
straight chromium types. They respond well to hot-rolling and 
have good workability in forming operations at normal temperatures. 

The introduction of nitrogen to stainless steel produces a re- 
finement in grain, and by stabilising the austenite is useful in 
increasing the hardness. Another use of a non-metallic element 
is the addition of selenium, as well as phosphorus and sulphur, to 
stainless steel to promote machinability. While there are limits 
to their usefulness, it seems certain that the list of ‘‘ stainless ”’ 
compositions will soon be enlarged. 

That not only the firms whose sole business is making special 
steels, but nearly all the major steel companies as well, produce 
at least a few varieties of stainless in some forms argues eloquently 
that the rust-resistant steels will be produced in increasing 
tonnages. 
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Better Iron and Steel Products. 


The American iron and steel industry has met the challenge 
imposed by changing industrial and economic conditions by pro- 
ducing better steels. Old steel products have been improved in 
quality and better ones have been developed. Many new types 
of steels, in a great variety of shapes and sizes, are now available 
to meet the ever-increasing demands of consumers. Large capital 
expenditures have been freely made to realise the economies pos- 
sible with large-scale production. The mechanisation of operations 
and the refinements of operating methods that have been introduced 
in recent years have kept costs down to a point where vastly greater 
service is obtained from iron and steel products without a pro- 
portionate increase in cost to the consumer. 

The ability and willingness of the American iron and steel 
industry to meet the requirements of the consumer for quality and 
variety of its products has been no small item in the rapid indus- 
trialisation of the United States in recent years. Through scientific 
research and its commercial application, the foundation has been 
laid for even greater developments. 
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GRAIN SIZE AND HARDENABILITY IN 
STEELS TO BE HEAT-TREATED.* 


By EDGAR C. BAIN, M.Sc., Coem.Emea., Dr. Ena. 
(PirtspurGH, Pa., U.S.A.). 


(Figs. 5 to 10 = Plates I, to IV.) 


SUMMARY. 


This paper develops, through numerical data, actual quantitative 
evidence of the degree to which increasing grain size in a hardenable 
steel of given composition increases the hardenability and similarly 
indicates the degree of the superiority with respect to toughness or 
impact strength of the heat-treated steel of fine austenite grain. 
These effects are shown to exist whether the grain-size disparity is 
brought about by the heating schedules applied to the same steel or 
by inducing different grain-growth response by the final treatment 
of the molten steel. 

An explanation for grain-size effects is offered and supported, 
which postulates that the hardenability is a matter of the rate of 
nucleation and that the grain size is both one of the means of con- 
trolling nucleus formation and, at times, a reflection of it. 

The difference in the mechanical properties of heat-treated steels 
of equal hardness as between those formed from a fine and those from 
a coarse austenite grain is explained on the basis of internal stress. 
This is shown by independent experimentation to be a potent factor 
in the toughness, and reasons to associate its variation with the grain 
size are offered. 

The customary method of grain-size control by the judicious use 
of aluminium is shown to be based upon no function of the dissolved 
elemental aluminium but to be rather a control of the strong nuclea- 
tion effect of a dispersion of alumina or possibly other aluminium 
compound. The general effect of foreign particles is illustrated also 
by the special persistent carbides which likewise reduce the harden- 
ability and, through the maintenance of fine austenite grain size, 
enhance the toughness of heat-treated steels. 


INTRODUCTION. 


THERE are primarily two types of grains in steel, the average size 
of which has an influence upon the behaviour and properties of the 
metal. In low-carbon steel, especially, the ferritic grain size exerts 
an effect upon the hardness and related tensile properties, and upon 
the character of the deformed surface, readily observed in deep- 
drawn sheet or strip produced with a smooth surface. The grain 
size in this instance is that of the «-iron phase actually existing in 
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the material as used. The other grain size with which the steel 
user is concerned has to do mainly with the higher-carbon steels or 
with case-carburised steels which are to be heat-treated, and in this 
instance it is the austenite existing only at elevated temperature of 
which the grain size is under consideration. Notwithstanding the 
fact that this grain size of austenite is estimated at ordinary tem- 
peratures it is nevertheless a grain size which exists in the steel 
only in the furnace just prior to quenching or cooling. 

It is only with this second kind of grain size, the austenitic 
grain size, that the present enquiry deals, and only steels carrying 
sufficient carbon to permit substantial hardening are discussed. 
By hardenability is meant the response of the steel to develop its 
maximum martensitic hardness with a minimum or “ critical ”’ 
cooling rate. The degree of the maximum hardening, a function 
mainly of the carbon content, is not the concern of this discussion. 


Antiquity of the Subject. 

The matter of grain size in hardened steel is really one of ancient 
recognition; described though it was in different terms, it was long 
ago considered as important. Réaumur devised for his “ blister ”’ 
or cemented steel a grain-growth test which had distinct advantages 
over the Metcalf test favoured nearly two centuries later, and he 
even had a crude scale for designating the grain size. It seems 
inescapable that the ancients who hardened steel must have made 
two important observations : 


(1) That steel which, after hardening, revealed a coarse 
fracture surface hardened more deeply than that having a fine 
texture. 

(2) That steel which broke easily after hardening had a 
coarser fracture than that which broke only with the applica- 
tion of heavier blows. 


If they did make these observations they were well along in the 
diagnostic aspect of the subject. Having no pyrometers, they prob- 
ably knew little of the precise coarsening temperature of steel and 
certainly nothing about the systematic control of the grain growth. 
Réaumur, nevertheless, not only recognised the increase of grain 
size with heating temperature, but observed that steels from certain 
sources coarsened at lower heating temperatures than those of 
other origin. He seems also to have taken it as obvious that a 
coarse grain was inferior to a fine grain for tools, but he refers with 
some misgivings to what may have been either an exceedingly fine 
grain or more probably the fracture of imperfectly-heated, quenched 
steel. Had Réaumur possessed the improved microscope for which 
he yearned and a hardness tester such as the Vickers or Rockwell, 
might he not, one wonders, have written this discussion, or a better 
one, two centuries ago ? 
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ee 


HARDENABILITY IN STEELS TO BE HEAT-TREATED. 35 P 


Recent Developments. 


Attention was focused on grain size in the 1920’s by two inde- 
pendent activities, one in America and one in Sweden. McQuaid 
and Ehn® made the observation that carburising steels, of a carbon 
steel specification, not infrequently exhibited soft spots, and that 
specimens from such lots, slowly cooled from the carburising tem- 
perature, showed under the microscope a fine grain size (as outlined 
by the pro-eutectoid cementite envelopes), while the lots of ample 
hardenability had a coarse grain size. They also noted another 
difference in structure, namely, more ferrite and a thicker cementite 
network in the finer-grained steels. This last feature they named 
“‘ abnormality ’—unfortunately, perhaps, since it is a function of 
grain size and connotes nothing in the nature of an abnormality. 


Auslenile Grain Size. A.S.T.M. 
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Fic. 1.—Comparison of A.S8.T.M. Grain-Size Numbers with the Corresponding 
Fracture Rating for a range of austenitic grain sizes. Note close agree- 
ment in numbers. 


In Sweden, as early as 1926, the fineness or coarseness of the 
fracture of hardened tool steel was regularly employed as a quanti- 
tative measure of certain qualities, the actual rating being made by 
comparison with five standard fractures evenly distributed over 
the full range usua!ly encountered. Later, under the direction of 
Ragnar Arpi® and the supervision of Jernkontoret, a ten-step stan- 
dard scale was adopted, with intervals which to the eye appeared 
equal and in fact were exceedingly well distributed. 
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It is now known that these fracture standards did in fact 
represent consistent grain-size steps in the austenite, which when 
quenched was responsible for the fracture appearance. Indeed, the 
austenitic grain-size designations, 1 to 8 inclusive, which McQuaid 
and Ehn employed for their grain-size reports, were found to be 
almost, though not quite, identical with the fracture grain-size 
numbers, as applied to the corresponding quenched steels. Fig. 1“ 
shows the relationship found in the laboratory with which the author 
is associated. In America fracture standards were made available 
by B. F. Shepherd which are, number for number, similar indeed to 
those of Jernkontoret. This determination of the correlation 
between the austenitic grain-size as measured microscopically and 
the quantitative fracture grain brings together consistently in one 
category the recent data of grain-size effects and the older lore of 
judging steel quality by fracture; there are seemingly few, if any, 
conflicts in this superimposition of the two pictures, but there is, on 
the contrary, a great deal of corroboration. 


Part I.—INFLUENCES OF AUSTENITIC GRAIN SIZE. 


Grains are solid bodies, irregular and imperfect polyhedra, and 
as such are not properly considered as flat surfaces—a concept which 
the microscopist might unintentionally acquire. One may, however, 
always think of grains as solid polyhedra, together completely 
filling space, and at the same time describe their size in terms of the 
mean cross-section of a large number of them. This is precisely 
what is done generally. 


Designation and Recognition of Grain Size. 
Designation of Grain Size. 


In America austenitic grain size is reported in terms of numbers 
which relate to the mean grain-section size as viewed on the metallo- 
graphic specimen at 100 diameters. This grain-size number or 
index, N (according to the A.S.T.M. rating), bears the relation in 
the following equation to the number of grain sections, n, per square 
inch of image at 100 diameters : 


logn 


= (¥ — 1) = 
m= 2 or N log 2 





+1. 


It is regrettable that the No. 1 grain size, in which the average 
grain section covers 1 sq. in., was not, in the interest of simplicity, 
designated No. 0. The logarithmic relationship, however, is the 
important feature of the system, and each higher number indicates 
twice as many grains per square inch as the previous. The relation 
between the A.S.T.M. grain size and other criteria of grain size is 
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shown in Table l. Grain sizes 2, 5 and 8 are shown at 100 diameters 
in Figs. 2, 3 and 4. 


TaBLE I.—Comparison of Systems for Reporting Grain Size. 





























Grains per sq. in. of Image at | Grain | 
| Timken, 100 Diameters. Grains Mean Grains | Boundary | 
A.S.T.M. er Area per per Area. | 
No.— | ae pi Grain. cu.mm. | Sq. mm, | 
Max. Min. Mean. “~~ * | Sq.mm, | Approx. per | 
cu. mm, 
= | 0-09 0-05 0-06 ae 0-7 2-4 
2 0-19 0-09 0-12 2 0-5 2 3-3 
-1 0:37 0-19 0-25 4 0-25 5-6 4-7 
0 0-75 0-37 0-5 8 0-125 16 6-7 
1 155 0-75 1 16 =~ 0-062 “ 45 9-5 
2 3 15 2 32 0-031 128 13-4 
3 6 3 4 64 0-0156 360 19 
é 4 12 6 8 128 0-0078 1,020 27 
5 24 12 16 256 0-0039 2,900 38 
a 6 48 24 32 512 0-00195 8,200 54 
a 7 96 48 64 1,024 0-00098 23,000 76 
- 8 192 96 128 2,048 0-00049 65,000 107 
9 384 192 256 4,096 0-000244 | 185,000 150 
10 768 384 512 8,200 0-000122 520,000 215 
11 1536 768 1024 16,400 0-000061 | 1,500,000 300 
12 3072 1536 2048 32,800 0-000030 | 4,200,000 430 

















Revealing the Grain Sections. 


In simple, homogeneous solid solutions, the grain size is readily 
estimated by the appearance of the polished and etched specimen 
under the microscope. The grain boundaries usually suffer a re- 
latively intense attack, which results in a thin, dark, line network, 
and in any event, even if the metal of the grains is somewhat etched, 
the orientation, differing in each grain from that of its neighbours, 
provides the necessary degree of contrast to reveal the individual 
grain sections. In the case of austenitic grains, however, the 
austenitic solid solution no longer exists when a microscopic examina- 
tion is made and the austenite has already transformed to an agglo- 
merate, from which the prior grain size must be inferred. With a 
very low-carbon steel which transforms to substantially pure ferrite 
the estimation of the austenite grain size is difficult, though not 
impossible, because the ferritic grain size is almost independent of 
the prior austenite grain size. In the case of eutectoid steels 
in the pearlitic state the record of the austenite grain size again is 
largely lost, because the colonies of pearlite are far from strictly 
dependent upon the grain size of the austenite from which they 
formed. However, it is always possible to find out the grain size 
of any specimen of austenite which exists in a suitable, heated 
specimen. 

The pro-eutectoid constituents always tend to form along the 
grain boundaries as envelopes and mark them out in an easily fol- 
lowed network ; pro-eutectoid cementite is usually more uniform in 
thickness than the ferrite network of hypo-eutectoid compositions. 
































Fic. 4.—Idealised Grain-Boundary Network System for A.S.T.M. Grain 
Size 8, corresponding to the image on the ground glass at 100 diameters. 
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ite Grain Boundaries revealed in hypereutectoid steel by cementite network 
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Fic. 7.—Austenitic Grain Size revealed by succession of nodules of fine pearlite at grain boundaries in the 
partially hardened zone inside the martensitic shell. 100 
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Fic. 8.—Austenitic Grain Size revealed by contrast in the etching dameaabiies of the martensite. 
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Fic. 9.—Hardness Distribution across the §-in. Thickness of Two Specimens of the same Bar of Tool 
Steel; one heated to 990° C. (1800° F.), the other to 815° C. (1500° F.); both quenched from 
the same temperature. Inserts show both the fracture and the etched section. 


[Bain. 





Puate IV. 





. . 
te ee ° ~ oe f & . 
Fic. 10,—The Partially Hardened Zone in a Fine-Grained Steel Coarsened by Heating at a very High Tem- 
perature. Note the many nuclei as in a steel of fine austenite grains, but here located throughout 
the body of the grain. x 100, 
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The remainder of the austenite may transform them to dark-etching 
pearlite, affording an excellent degree of contrast. If the remaining 
austenite is caused to transform to martensite, the specimen may 
be tempered at 315-425° C. (600-800° F.), in which case the contrast 
is especially good. Figs. 5 and 6 show grain boundaries revealed 
by pro-eutectoid ferrite and by pro-eutectoid cementite. 

In pieces not hardened throughout, the austenitic grain size is 
sufficiently well marked out in the zone between the fully hardened 
exterior and the soft “ sorbitic ” (i.e., fine pearlitic) interior. Here 
the nodules of unhardened steel are revealed microscopically as 
black areas dotting out the former austenite grain boundaries, for 
the martensite of the body of the grains scarcely darkens with 
proper etching. This may be seen in Fig. 7. 

But the grain size of austenite may be estimated also from the 
pure martensite into which it may transform. Either the freshly 
quenched martensite or (preferably) the lightly-tempered marten- 
site may, after careful polishing, be etched with 5 c.c. of hydro- 
chloric acid and 1 g. of picric acid in 95 c.c. of alcohol to reveal 
the prior grains, as in Fig. 8. Generally speaking, the mode of 
cooling employed to mark out the grains for subsequent recognition 
does not change the austenitic grain size, because the rate of grain 
growth is so much reduced by even a few degrees’ drop in tempera- 
ture that the period during cooling leaves the grains unchanged. 

In principle, a means of revealing the grain boundaries which 
would act upon the austenite grains as and when they exist in the 
steel lying in the furnace should be very convincing. This can be 
done, and it checks well enough with the methods described in most 
cases, but there is always a justifiable doubt that the surface where 
such demarcation takes place really has the same grain size as the 
interior. 

If a surface is smoothed well and the atmosphere is such as to 
prevent oxidation, the austenite grains are actually marked out, 
as shown by Howe and others. If the steel is of eutectoid or even 
hypereutectoid composition and the atmosphere is oxidising or de- 
carburising, the austenite grain boundaries are easily found after a 
light polish to remove the scale. Either an oxide film will envelop 
the surface grains or a ferrite network will be revealed. However, 
these methods involve some change in composition, and such a 
change may prevent the same grain growth from occurring in the 
affected layers of the surface as occurs deeper within the piece where 
no change in composition was permitted. 


Fracture Grain Size. 

Any specimen which can be hardened, even only in part, may be 
fractured and the texture of the hardened rupture surface may 
then be compared with standard fractures to determine the 
austenite grain size. This estimation can well be made as a pre- 
liminary to microscopic determination upon most of the steels in 
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which the grain size is of consequence ; care must be taken, however, 
to see that the heating schedule of the fracture specimen is identical 
with that of the representative microscopic specimen. 


Grain-Growth Habits of Austenite. 


When a piece of steel is heated just into the temperature range 
in which the inversion to austenite may take place, t.e., above the 
so-called critical range, the ferrite and carbide react together at a 
number of nuclei to form separate, expanding pools of austenite. 
Such nuclei are located in the pearlite regions of normalised hypo- 
eutectoid steel and at many of the carbide particles in spheroidised 
steel. After a lapse of time the entire structure is austenite and 
austenite of a certain initial grain size. Further heating, aside 
from causing a more and more nearly uniform distribution of the 
carbon (and other elements), also causes grain-coarsening. In some 
steels, particularly those of the acid open-hearth type, this grain of 
initial size immediately begins to coarsen, but very gradually, so 
that from an initial grain size of No. 6 (quite usual for this steel) at 
815° C. (1500° F.), the grains may grow to No. 1 or No. 0 at 1035° C. 
(1900° F.). Gradual coarsening is the general rule for pure metals 
and solid solutions free from inclusions of other substances. 


Abrupt Coarsening. 


Many more steels, however, with inclusions different from those 
in acid steel, retain substantially their initial grain size, finer than 
No. 5, up to some 925° C. (1700° F.) or more, whereupon a moderate 
increase in temperature causes a rather abrupt coarsening. In the 
temperature range of coarsening a short heating interval may often 
leave the steel wholly or largely fine-grained, whereas a longer in- 
terval at the same temperature may cause almost, if not quite, all 
the grains to coarsen. The interesting point, however, is that the 
fine and the coarse grains in the mixed-grain condition will usually 
be of precisely the same two sizes regardless of the proportion of 
each. The mixed grain-size condition is sometimes spoken of, 
unfortunately perhaps, as ‘“‘ duplexing ”’ or the structure is said to 
be “ duplexed.” 

Examples of all intermediate behaviours, lying between the very 
abrupt coarsening at high temperature and the uniform, gradual 
coarsening, are probably to be found in steels, but the extremes are 
more often encountered. This difference in behaviour is under a 
degree of control in steelmaking practice, and the making of the 
initially fine-grained steels with high coarsening temperature is a 
matter generally of the judicious addition of an amount of 
aluminium which depends upon the condition of the steel bath. This 
control calls for great skill on the part of the melter and a knowledge 
of the response of the metal to changes in the slag and the rates of 
these responses. Vanadium, even in amounts not exceeding 0-2%, 
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exerts a strong restriction upon grain growth. Probably any par- 
ticles remaining undissolved in the austenite act to restrict grain 
growth, though the size and character of such inclusions appear to 
make some very potent and others fairly ineffective. More will be 
said of grain-growth restrictions subsequently. 


Hardenability. 


Fig. 9 shows in condensed form the results of an experiment 
which, but for one item, must be exceedingly ancient. The two 
adjacent samples from a §-in. bar of tool steel are heated for harden- 
ing, one to about 840° C. (1550° F.), the other to 990° C. (1800° F.). 
In the one specimen a grain size of about No. 7 is established, while 
in the other, which is overheated, the grain is coarsened to about 
No. 1. Now, if these two specimens are similarly quenched from 
these widely different temperatures, the results are essentially 
those shown in Fig. 9. The latter specimen is hardened throughout, 
while, as may be seen by both the fracture and the ground and 
etched cross-section, the fine-grained specimen, heated to only 
815° C. (1500° F.), is only superficially hardened. The energy re- 
quired to break the two specimens is so different as certainly not to 
escape notice. The hardness plot shows quantitatively the differ- 
ence in hardenability. But the actual data of Fig. 9 fail in one 
respect to reflect the experiment as outlined above. The two 
specimens, though heated at the two different temperatures, 980° C. 
(1800° F.) and 815° C. (1500° F.), respectively, were quenched from 
precisely the same temperature. The specimen from the 990° C. 
furnace was placed alongside the 815° C. specimen when it was 
removed and cooled a little in air, and only after they had both 
acquired the same temperature of 815° C. (1500° F.) were they 
quenched. Thus the quenching temperature has no part in the 
experiment, and it is a permanent change in the one, induced by 
its sojourn at 980° C. (1800° F.), which caused the difference in 
hardenability. Thus one may more properly conclude that grain 
size is a powerful factor in changing the rate of austenite trans- 
formation, which, in every case, determines the hardenability. 


Quantitative Influence of Grain Size on Hardenability. 


As an example of the specific effect of the grain size upon the 
hardenability of a common steel with about 0-75°% of carbon, Fig. 11 
shows the hardness distribution across a mean diameter of 1-in. 
rounds as water-quenched with different grain sizes. All specimens 
were quenched from 745° C. (1375° F.). The temperature required 
to develop the several grain sizes is shown. 

It should be stressed that the data here shown relating the grain 
size to the hardenability are suitable for the purpose. It is not 
entirely easy to secure data which are reliable for a quantitative 
study of this sort. One of the elements which increases the harden- 
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ability is dissolved carbon, and if different amounts of cementite are 
dissolved in a certain austenite then a factor is introduced which 
vitiates a grain-size comparison. Also the amount and character 
of the scale on a piece alter the effectiveness of the quenching medium 
in removing heat ; in this case, however, the heavier scale is produced 
at the high temperature which operates to cause grain-coarsening. 
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Fic. 11.—Differences in Hardenability caused by Change in Austenite Grain 
Size in a 0:75% Carbon Steel. Chart shows hardness distribution across 
a mean diameter of a l-in. round. The heating temperature required to 
develop the indicated grain size is also stated. 


In the examples shown here, the specimens were prepared for the 
quenching tests by heating to some 1090° C. (2000° F.) and rapidly 
cooling, so that a high degree of homogenisation resulted without 
the possibility of subsequent “ unmixing.” Accordingly, even the 
specimens heated to the lowest temperatures developed, in the 
allotted time, a homogeneous austenite in which the carbon was as 
effective as in the coarsened specimens. 
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Grain Size and Mechanical Properties. 


At this point, it may be questioned ‘‘ Why so much on grain- 
coarsening and its effect to increase hardenability?”’ Greater 
hardenability can, of course, be achieved by an increase in the 
manganese content of a steel or, for that matter, by the increase of 
the proportion of any element, save possibly cobalt. Indeed, in 
some familiar analyses, an increase of the manganese content by 
1% just about duplicates in hardenability increment the effect of 
coarsening the austenite from the finest to the coarsest of the usual 
range, 7.e., from a No. 7 or 8 toa No. 1. The real value in grain- 
size control lies in securing certain advantages of fine grain 
while relying upon the composition to produce the desired harden- 
ability. 

The superior properties of heat-treated steels, which in breaking 
reveal a fine fracture, have been so long recognised that, to some 
extent, the fracture appearance has been named in terms of the 
qualities it connotes. Thus, one hears of a “ dry, brittle ” fracture 
or a “tough, dense” fracture. All these terms as applied to 
hardened steel are related to its coarseness or fineness, and this is 
quite as it should be, because the fracture in hardened steel follows 
in large part the grain boundaries and hence is a function of the 
austenitic grain size. It remained, however, for some of the more 
recent researches to provide actual values for these superiorities. 

In a practical way, the mere lower hardenability of fine-grained 
pieces contributes to toughness. A considerable proportion of 
heat-treated carbon steel is in sections which do not harden through 
and through even in water. The central portion of the piece is 
therefore composed of tough fine pearlite, which has a hardness of 
only some 40 Rockwell C. or less. Now the hardened shell is in- 
evitably thinner in the fine-grained steel, and therefore, in breaking 
the shallow hardened piece will require more energy by virtue of the 
larger proportion of soft, non-martensitic interior. But this kind 
of over-all toughness could be secured by employing merely a less 
drastic quench in a medium of inferior heat-abstracting power. 
Austenitic grain-growth restriction is not the only means of con- 
trolling the thickness of the hardened shell, but it has a unique, 
specific effect upon the properties of the hardened steel. 


Quantitative Influence of Grain Size on Properties. 


In order to study the effect of the prior (austenitic) grain size 
on the martensitic transformation product it is essential that the 
whole of the steel transform completely to martensite (that is, free 
from fine pearlite) in all the specimens which represent the several 
grain sizes. In the studies briefly set forth in Fig. 12, the round 
impact specimens were of such small diameter, #.e., 0-180-in., that 
even the finest-grained austenite transformed entirely to martensite 
and none was incompletely hardened. In order to secure a wide 
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range of grain sizes in the same grade of steel, three different heats 
were represented and three different heating temperatures were 
employed ; the analyses of the three heats were substantially iden- 
tical with respect to all the elements usually determined. The 
specimens were all tempered to precisely 50 Rockwell C. hardness 
to bring the impact figures up to a reasonable value in the sensitive 
range. It will be seen that the impact strength is closely related 
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Fic. 12.—Influence of Grain Size upon the Impact Strength of Fully Hardened 
and Tempered Tool Steel; 0:180-in. round specimens. Three heating 
temperatures applied to three steels supplied the assortment of grain 
sizes. 


to the actual grain size existing in the steel prior to quenching and 
is nearly independent of the heating temperature required to pro- 
duce the grain size in any particular steel. Other similar investi- 
gations do not show generally such regular relationship between the 
grain size and toughness but the trend is universally as shown. 
(The possible reasons for such minor discrepancy will be discussed 
below.) The heat-treated products resulting from quenching a 
fine-grained austenite are superior in toughness to those of coarser 
grain; one arrives at the same conclusion by critical experimenta- 
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tion as was reached long ago by the impressions of quality gathered 
by the early smiths. 

The superior toughness of fine-grained hardened steel as demon- 
strated for carbon steel is reflected also in heavier sections of alloy 
steel, which likewise are hardened through and through, although, 
owing to the contributions of the alloying elements, the contrasts 
may not be so great. 


Other Grain-Size Effects. 


The dimensional changes and warping encountered in hardening 
are considerably less when the austenite grain is fine. Similarly, 
quenching cracks are far less numerous or extensive in the steels 
which retain a fine austenite grain up to the time of quenching. 
All these phenomena are probably manifestations of the distributed 
internal stresses which then are greater in coarse-grained steels. 
It has been reported that grinding cracks are more easily avoided 
in hardened steel of the finer ranges of grain size. This likewise is 
wholly in line with the postulation of stress variation with grain size. 

When austenite of known grain size is permitted to trans- 
form to pearlite it is observed that the coarser-grained austenite 
yields a somewhat harder product and one that machines much 
better than the product of the transformation of fine-grained 
austenite. Itis observed that the pearlite of coarse-grained origin is, 
for a given steel, more finely lamellar and of a more regular pattern. 
Doubtless the larger, more regular “ colonies” of pearlite have a 
lesser degree of ductility, and accordingly it would be expected that 
the chips would break better ahead of the cutting tool, as indeed 
they do. Advantage is taken of grain-growth characteristics in nor- 
malising steel for all-round performance by choosing a normalising 
temperature so fitted to the steel that marked coarsening takes 
place. After machining, when the piece is heated for hardening, 
the steel is of a nature to retain a fine grain and the advantages 
relating thereto. Such steels must be so made as to coarsen 
definitely only above the hardening temperature but below the 
normalising temperature. Steels with the grain growth restricted 
to the higher temperatures by vanadium are often so employed. 


Part IJ.—FUNDAMENTAL CONSIDERATIONS. 


Thus far, the observations have established that fine austenitic 
grains, recognised either by fracture or microscope, favour : 


(1) Rapid transformation upon cooling and accordingly a 
high requisite quenching rate for hardening, 7.¢., low harden- 
ability for any given composition. 

(2) A low stress condition in the martensitic products of 
austenite transformation, responsible in large part for the 
superior toughness of fine-grained steel. 
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Grain Size and Nucleation. 


There are no evidences that the simple statements above are 
subject to any exceptions, although, to be sure, coarse grains may also 
have certain proper applications. Nevertheless, one should perhaps 
ask whether or not the grain size itself is a cause or merely a very 
reliable manifestation of the operation of some more basic character- 
istic of the steel which really brings about the result so well cor- 
related with grain size. It is our surmise that the real factor at 
work in controlling hardenability is nucleation—that is, the relative 
number of nuclei serving for austenite transformation per unit 
volume of a certain steel composition. Let us enquire how nucleation 


might operate. 


Nucleus Number and Rate of Transformation. 


Unless austenite be cooled at a rate so high as to preclude the 
transformation, at Ar’, in the vicinity of 550-500° C. (1020-930° F.), 
there is of course no martensite hardening. In a sense the mar- 
tensite, forming as it does at a temperature not much above the 
ordinary atmospheric temperature, is the result of the failure of the 
steel to transform to pearlite in the normal way. The rate of pear- 
lite formation is then of first importance in considering hardenability. 
These rates have now been studied in detail, particularly in the 
laboratory with which the author is associated, and one of the ob- 
servations of the austenite-pearlite reaction at constant temperature 
has an important bearing upon this matter. 

When the austenite is depressed in temperature below the A,, 
point there is a period during which no ferrite or pearlite forms, and 
this interval is as definite for one steel, one grain size and one trans- 
formation temperature as though the most spectacular events were 
taking place. Indeed for any steel this “‘ inactive ” period seems 
to bear a fixed relation to the interval required for any certain pro- 
portion of pearlite to form after the reaction is visibly under way. 
If this seemingly dormant period is really occupied with nucleation, 
then the nucleation time is actually quite strictly proportional to 
the transformation time. This is important in that it is the actual 
transformation rates which are capable of detailed and accurate 
measurement. 

Another observation is pertinent. When the austenite is 
abruptly brought to transformation temperature and when the 
“dormant ” period is concluded, a number of scattered minute 
islands of ferrite or ferrite and carbide in pearlitic form appear 
(depending upon whether the steel is distinctly hypo-eutectoid or 
nearly eutectoid). Such islands, particularly of fine pearlite, grow 
by radial extension, so that there is an array of spheroidal pools 
growing in a nodular manner. Now these may always be observed 
in the not-quite-hardened zone of quenched tool steel and are 
frequently designated “nodular troosite.”” The growth of these 
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nodules seems to be such that the linear encroachment upon the 
austenitic matrix is about the same in all nodules. Hence if there 
are many nuclei the transformation is soon complete, because a little 
radial growth soon encompasses the whole of the steel. If there 
are few nuclei the time required is long. It is comparable to a great 
number of equally skilled painters scattered over a wall as compared 
with only a few. The wall is painted sooner by many workmen 
than by a few. 

As might be expected new nuclei appear as minute nodules after 
some have grown considerably ; at least a statistical impression of 
such behaviour is easily gathered. If so, then the first important 
observation, of the relation of the ‘“‘ dormant ”’ period to the trans- 
formation rate proper, is explained. The rate of nucleus formation 
controls the onset of the transformation as well as the transforma- 
tion rate. 

But this realisation forces one to the conclusion then that the 
hardenability in a single composition is a function of the nuclea- 
tion rate, and we have seen how perfectly it correlates also with 
the grain size. This is easily explained. In the vast majority of 
steels the nuclei are all located in the grain boundaries of the 
austenite! The smaller the grains the greater is the grain-boundary 
area ; the greater the extent of boundary the more numerous are the 
nuclei. The interesting, though perhaps fruitless, question arises 
then, “ Are fine grains a cause of greater nucleation or merely a 
manifestation of it?’’ The answer is almost certainly that fine 
grains are both. 

Austenite is a solid solution, formed, however, above its re- 
crystallisation temperature, as is apparent from the approach to 
perfection of its crystal grains. It is then subject to the broad 
‘rules of behaviour ” for grain growth observed without exception 
in so many solid solutions. Fine grains tend always to coarsen with 
increase in temperature, and a dispersion of undissolved particles 
serves to block this effect and to necessitate higher and higher 
temperatures for grain growth as the dispersion is more and more 
effective. Thus a few per cent. of well dispersed fine thoria particles 
in tungsten raise the grain-growth temperature almost to the fusion 
point. But once the driving force asserts itself and overcomes the 
inhibiting effect of the dispersion, many fine grains merge to form 
fewer, larger grains; surprisingly, perhaps, the size of the resulting 
grains is then all the larger, the more effectively the growth was 
previously restrained and the higher the necessary temperature was. 
But this is essentially the story of austenitic grain growth as already 
related for a variety of steels in the heating furnace. 

The story may be more complicated as to details. Grain 
growth upon heating may result from the gradual disappearance 
and partial coalescence of the inhibiting dispersion of particles. In 
this case grain growth must naturally be more gradual, approaching 
at one extreme the behaviour of a pure solid solution with no foreign 
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particles. On the other hand, a fairly abrupt disappearance of the c 
particles would approach the extreme case wherein the particles f 
persist but are finally overcome by the grain-growth driving force. i 
Now, conclusive evidence for the gradual disappearance of non- r 
metallic particles has been secured in steel quenched from increasing 
temperatures and it is associated with steel of rather gradually- s 
coarsening tendency. It is becoming more and more probable that si 
grain-size control in steel is a control of the nature, size and distri- n 
bution of undissolved particles. The finest and the most insoluble ti 
particles by nature are clearly those which also most effectively fe 
restrain grain growth. st 


It is perhaps pertinent to suggest at this point that no satis- 
factory explanation of the manner in which particles restrict grain 


growth to higher heating temperatures has come to light. To 7 
employ a word such as “ obstruction ’’ may aid in remembering the 
observation, but it is clearly of no advantage in suggesting a mechan- fe 
ism. Perhaps the particles can really do no more than to en- o! 
courage a preservation, through copious nucleation, of a high degree O! 
of uniformity in size among fine grains, so that there is, at the st 
ordinary grain-growth temperature, no family of sufficiently smaller m 
grains with adequate energy to attach themselves, by re-orientation, ve 
to neighbouring larger grains. The thought on grain growth was (2 
undoubtedly diverted to unprofitable channels by the assumption of 
that large grains somehow were active in grain growth through a ce 
so-called crystallisation force. More probably they are always al 
passive in grain-growth phenomena. ex 
pl 
Dispersed Particles as Nucleation Centres. 2 
At any rate, if particles act, by nucleation or otherwise, to retain th 
fine grains in austenite they contribute to shallow hardening and ac 
improved properties even in the fully hardened steel. But is it m 
not possible that they may act directly to accomplish the same 
effect? The evidence is unequivocal on this point. A piece of vc 
steel of exceedingly high coarsening temperature may, nevertheless, or 
by being heated at still higher temperatures, be greatly coarsened. c 
If grain size were the whole basis of nucleation, it should then be di 
(1) deep-hardening, (2) subject to quenching cracks and (3) ex- au 
ceptionally brittle. Actually this is not the case when a critical its 
experiment is carefully made under these precise conditions. Fig. 10 ur 
shows that the steel begins to transform to fine pearlite at many au 
nuclei quite apart from the grain boundaries (although they too are in 
effective loci of nuclei). Now in this case, the particles which finally 
failed to restrict grain growth were still present and acted as nuclei elk 
for transformation, so that the coarsened steel transformed as a fine- m 
grained steel, for the martensite was as tough as in many fine- we 
grained specimens. This circumstance illustrates at least that ac 
grain size is not always the sole criterion of hardenability in a certain fo 
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composition, although beyond doubt it is usually the dominant 
factor. Perhaps it is a fact that often the dispersion which can 
induce copious nucieation for transformation is likewise an effective 
restrainer of grain growth. 

A study of the inclusions which are visible in carefully polished 
specimens clearly shows that some act as transformation nuclei and 
some do not. Grain boundaries always contain a concentration of 
nuclei and more often essentially all of them. Undissolved cemen- 
tite particles act more to decrease austenite grain growth than to 
form transformation nuclei, although the vanadium-rich carbide 
serves in both capacities. 


Toughness in Hardened Steel of Fine-Grained Austenitic Origin. 


It has been shown that the Ar’ transformation to the lamellar 
family of structures (which hardened steel escapes by the brevity 
of time in the temperature range about 500° C. (930° F.)) is a matter 
of nodular growth from nuclei. The transformation to the acicular 
structures (e.g., martensite) proceeds in a somewhat different 
manner. Regardless of the rate of transformation, which may be 
very slow at 300° C. (570° F.) or almost instantaneous below 100° C. 
(210° F.), the austenite transforms by the intermittent formation 
of plates of ferrite, presumably supersaturated momentarily with 
carbon, and these plates are formed upon crystal planes of the 
austenite. These plates of transformed metal appear to flash into 
existence in an incredibly short time, and after a short interval new 
plates spring from and cross the previously formed ones until 
finally much of the austenite is destroyed. One cannot say the 
whole of the austenite, because in some steels several per cent. of 
the austenite persists indefinitely. The plates often extend nearly 
across an entire austenite grain, but not beyond, so that their 
maximum extent is limited by the austenite grain size. 

The particular amount of metal in each plate occupies a larger 
volume after transformation than before. Linearly, a distance on 
one of the crystal planes may tend suddenly to lengthen about 
4% (!!). Clearly the residual unchanged austenite cannot long en- 
dure these expansions within its body in an elastic manner. The 
austenite must flow to accommodate the plates, or rupture, and thus 
its local orientation changes; no doubt the cold-work impressed 
upon it stimulates further transformation. At any rate the residual 
austenite, having yielded, is in a condition to set up enormous stresses 
in the early-formed plates when, in turn, it likewise transforms. 

Now, if this case of complex internal stresses were instead purely 
elastic and simple as, for example, in a long narrow element of bi- 
metallic strip, with a disparity of thermal expansion, the stress 
would be independent of the length. But in martensite it is the 
actual size of the suddenly expanding plates which is important, 
for in the mode of transformation the expansion is anisotropic, and 
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better compensation results when plates at an angle are small and 
close together. If this reasoning is correct then the lesser degree of 
warping in fine-grained steel is explained, and also perhaps the 
matter of brittleness in coarse-grained steel. Perhaps large plates 
in martensite would in themselves be more brittle than small ones, 
but the hypothesis of stress as a cause appears at least more 
attractive for consideration. 

It would appear that the change in volume accompanying trans- 
formation might always cause residual stress up to the minimum 
elastic limit for the particular mode of stress distribution encountered. 
If the transformation is such as to occur at a temperature 
at which, first, the residual austenite has a relatively low elastic 
limit and finally the transformed material likewise has a somewhat 
lower elastic limit, then the residual stress should be less and 
accordingly the net or external load required to break the pieces 
should be correspondingly high. This amounts in fact to toughness 
in a material such as martensite or its lightly tempered products. 

When steel is treated in accord with the method of Davenport 
and Bain (British Patent No. 424,124, U.S. Patent 1,924,099), the 
transformation may occur at, say, 315° C. (600° F.). When com- 
pared with a tempered martensite from the same bar of steel of 
identical hardness the bainite of the direct-transformation specimen 
is found to have an impact strength many times that of the conven- 
tionally treated, tempered martensite. Thus it appears that in- 
ternal stress may have much to do with toughness and that the 
finer-grained steel, having possibilities for lower internal stresses, 
should be tougher. Furthermore, the fine-grained steel probably 
forms martensite at temperatures considerably higher than the 
coarser-grained austenite, even when identically quenched, because 
of its higher rate of transformation. This would also be conducive 
to toughness, as outlined above. 

Finally, there is direct evidence of a difference in internal stress 
as between fine- and coarse-grained, hardened steel. Several ob- 
servers have commented upon the microscopic cracks to be seen in 
martensite at high magnification. They are discovered only after 
etching, and quite possibly they open up only upon etching. How- 
ever this may be, they result from local tensional stress of high 
magnitude and they usually are transverse in a “ needle ”’ of the 
martensitic structure. It suffices to say that they are not found 
in fine-grained steel and that they become less prevalent as the 
grain size decreases. The weight of evidence thus urges one to 
favour the concept of lower internal stress as being the principal 
cause of greater toughness in fine-grained steel. 


Controlling Grain Size. 


Inasmuch as certain alloy steels, notably those containing vana- 
dium, tungsten, molybdenum, and, to some extent, the high-carbon 
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chromium steels, owe their valuable properties in some part to the 
natural retention of fine grain size at heat-treating temperature, 
grain-size control may be said to be practised in their use. 

The phrase “ controlled grain size,’ however, has come to mean 
a particular predisposition imparted in preparing the molten steel 
for pouring into the ingot moulds. As already mentioned, the 
method usually employed is the judicious use of aluminium with a 
degree of precision, and upon a basis, not involved in merely killing 
the steel. The aluminium operates not by virtue of its mere 
presence in solution, but seemingly through a combination with 
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Fic. 138.—The Solution of Carbide at 870° C. (1600° F.). The undissolved 
carbide (ordinate) remaining after successive intervals at 870° C. is 
plotted against the lapsed time on a logarithmic scale (abscissa). A 
typically fine-grained and typically coarse-grained steel. 


oxygen, or perhaps with oxygen and nitrogen. The alumina-bearing 
inclusions apparently function as both a grain-growth restricting 
agent and as nucleation centres, even when of exceeding fineness. 
Indeed, any coarse clusters of alumina such as might form during 
the solidification of the steel have little effect. 

Aluminium itself as present in oxygen-free steel offers no grain- 
growth restriction nor does it contribute towards the so-called 
‘abnormal ”’ effect in a hypereutectoid composition. It is another 
mildly deep-hardening element with no significant influence upon 
the carbide behaviour. When, however, oxygen is diffused into a 
steel-carrying aluminium it. becomes at once a typically fine-grained 
steel insofar as the oxygen reaches the interior and, if of suitable 
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composition otherwise, it takes on the so-called “‘ abnormal ”’ char- 
acteristics. This was originally shown by the author and later 
brilliantly confirmed by the direct and critical experiments of 
Brophy.“ 

Aluminium in the ordinary amounts exerts little or no significant 
effect upon the diffusion or rate of solution of carbide either in 
austenite or in ferrite. In Fig. 13 is shown side by side the solution 
of carbide with lapse of time at 870° C. (1600° F.) in a silicon-killed, 
coarse-grained steel and in an aluminium-treated fine-grained steel of 
almost identically the same analysis (other than for the aluminium), 
both spheroidised to substantially the same degree. The difference 
possibly exceeds the experimental error, but is opposed to the 
thought that the carbon migrates faster in the more rapidly trans- 
forming shallow-hardening steel, if it has significance. 
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Fic. 14.—The Softening of Martensite in a Typically Fine-Grained and a 
Typically Coarse-Grained Steel, of almost identical compositions. The 
difference scarcely exceeds the experimental error. 


The coalescence, and hence the diffusion rate, of carbon in ferrite 
is not reflected more critically than in the softening of martensite by 
tempering at a series of temperatures up to the lower critical. If 
there is even a moderate difference in diffusion rate, or solubility, 
the hardness difference will be marked. In Fig. 14 the tempering 
characteristics of the easily coarsened steel shown above are com- 
pared with those of an aluminium-treated steel of almost identical 
composition, each originally wholly martensitic. The difference, 
scarcely in excess of the experimental error, forces one to the con- 
clusion that aluminium in the customary proportion scarcely 
affects the carbide behaviour. 

Having established the broad tendency of the steel to resist 
grain-coarsening by means of an aluminium addition to the liquid 
steel, or the use of a strong carbide-forming element, further minor 


Wk 


HARDENABILITY IN STEELS TO BE HEAT-TREATED. 55 P 


control exists by way of selecting the finishing and normalising 
temperature. This latter effect of thermal history may well operate 
through the control thereby of particle solution and reprecipitation. 
When a steel is required to remain fine-grained at some certain 
temperature, e.g., 925° C. (1700° F.), then the temperatures in 
rolling and normalising may serve to determine whether or not the 
steel receives a rating of coarse or fine on the arbitrary basis of the 
single test. 


Summary of Grain Control. 


The science of grain control has lagged somewhat behind the art 
and practice—as is often the case. By the use of the method of 
critical experimentation—studying each factor separately, rather 
than in a confused way—the data of grain control have now become 
reasonably clear. The essential observations are as follows : 


(1) Aluminium in “ oxygen-free ’’ steel does not reduce the 
hardenability, restrict the grain growth, nor, therefore, favour 
“ abnormality.” 

(2) Such suitable aluminium-bearing steels take on fine-grained 
characteristics (high coarsening temperature) immediately oxygen 
is available, as, for example, by diffusion. 

(3) The resulting fine-grained austenite transforms rapidly and 
favours shallow-hardening. 

(4) The grain-growth restraint afforded by the combination of 
aluminium and oxygen (presumably alumina) may be overcome at 
an inordinately high heating temperature. Such large grains as 
then form may still transform to lamellar structures in the manner 
of fine-grained steel, showing that the alumina (or other) dispersion 
is an effective nucleation agent. 

(5) All carbide may be, and usually is, wholly dissolved in heat- 
treating similar steels, coarse and fine, hence any slight difference 
in solubility plays no part in the vast difference in hardenability. 
The same heating temperature suffices for both types. 

(6) Carbon diffuses, at any certain temperature, at substantially 
the same rate in both types of similar analyses, both in austenite 
and in ferrite. The carbon diffusivity, or the carbide agglomera- 
tion rate, cannot be, per se, the cause of the difference in harden- 
ability. 

(7) The transformation rate is vastly higher for the aluminium- 
treated fine-grained steel; hence, upon cooling at a given slow rate, 
the transformation occurs sooner and at a higher temperature in the 
aluminium-treated steel. The product of very high-temperature 
transformation was long ago shown to be the more abnormal, even 
in a so-called normal or coarse-grained carbon steel, though the 
requisite exceedingly slow cooling rate may require some special 
provisions to ensure the exceedingly high temperature of trans- 
formation. 
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(8) Fitting explanation to observation (rather than the reverse), 
the so-called fine-grained type of steel appears to be one in which 
a certain variety of non-metallic dispersion (probably alumina) acts 
to restrict grain growth to the higher ranges of heating temperature, 
and thereby indirectly, as well as directly, to increase the rate of 
transformation of austenite to lamellar structures, from which 
characteristic all other observed behaviours inevitably follow. 
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PRECIPITATION-HARDENING IN THREE 
STEELS CONTAINING VANADIUM.* 


By H. H. BURTON anv T. F. RUSSELL (SHEFFIELD). 


SYNOPSIS. 
It is shown that three steels containing (a) 0:265% of carbon, 

0-58% of molybdenum and 0:30% of vanadium, (b) 0-:195% of 

carbon, 0:60% of molybdenum and 0:30% of vanadium, and (c) 

0-255% of carbon, 0-66% of chromium, 0-56% of molybdenum and 

0-30% of vanadium, are susceptible to temper-hardening processes 

when tempered in the range about 500° to 625° C. The degree of 

hardening depends on both the time and temperature of tempering. 

Temper-hardening is accompanied by a marked fall of notch impact 

value, but the toughness is recovered when softening sets in owing 

to coalescence. From a more detailed study of the tensile strengths, 

impact values, dilatation, relative densities and carbide analyses on 

one steel it is concluded that the temper-hardening or “ precipitation- 

hardening ”’ is due to the precipitation of V,C, from supersaturated 

solution in a-iron—as suggested, but not proved, by Houdremont, 

Bennek and Schrader—and probably to some extent by the pre- 

cipitation of Fe,C. 

INTRODUCTION. 

THE effect of vanadium on plain carbon steels, and low-alloy 
steels containing chromium, nickel, nickel-chromium and _nickel- 
chromium-molybdenum, has been reported by quite a number of 
investigators. All are agreed that, compared with steels of similar 
composition but without vanadium, the effect of vanadium is to 
retard the decrease in hardness which takes place on tempering. 
This ‘‘ retardation ’’ has been reported as particularly noticeable in 
the range of approximately 500° to 625° C., depending on the analysis. 
A tempering curve may show a less rapid fall in hardness or a 
practically constant hardness, or, in some instances, an increase in 
hardness on tempering over this range. On tempering at higher 
temperatures the fall in hardness is relatively more rapid than in a 
similar steel without vanadium, so that at a full tempering 
temperature there is not much difference between the steels with 
and without vanadium. 

The authors believe that Houdremont, Bennek and Schrader,‘? 
in 1932, were the first to suggest that this phenomenon was probably 
due to the precipitation of V,C3 from solid solution in «-iron. To 
quote their own words, ‘On tempering, the special carbide of 
low solubility separates from the «-iron only at high tempering 
temperatures and, by a sort of precipitation-hardening, increases 
the stability of hardness of the steel to the tempering treatment. 
The phenomena involved can be represented in the manner shown 
in Fig. 1. The martensite formed by the y—« transformation causes 


* Received July 28, 1938. 
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a decrease in hardness during the tempering just as in simple iron- 

carbon alloys, as shown by curve 1. The precipitation of the 

special carbide at higher temperatures brings about an increase in 

hardness as shown in curve 2. The combination of the two 

phenomena gives curve 3, synthesised from curves 1] and 2.” 
Hardness 








ooeme Curve 1 - Decomposition of the martensite 


—-——-— Curve 2 — Precipitation hardening 
caused by special carbides 


ome Curve 3 - Tempering Curve 
of a Vanacium Steel 


| 
| 
| 
| 
| 
| 
| 





Tempering Temperature in deg. C. 

Fic. 1.—Diagram Representing Superposed Phenomena that Occur on Tem- 
pering Vanadium Steel Quenched from a High Temperature. (Houdre- 
mont, Bennek and Schrader, American Institute of Mining and Metal- 
lurgical Engineers, Technical Publication No. 585: Metals Technology, 
Dec., 1934.) 

This explanation is accepted by Abram and to some extent 
by Zimmerman, Aborn and Bain,‘® who examined the effect of 
0-2-0:27% of vanadium on eutectoid carbon steel. They write, 
“In considering just how this process imparts a hardening effect, or 
more exactly a retardation of the rate of softening, it may 
be presumed that the vanadium-rich carbide, primarily by reason 
of its small solubility and consequent low diffusivity, remains 
widely dispersed in the steel as effectively fine particles. 
Consequently, the formation of these vanadium-rich particles 
imparts a definite precipitation-hardness which persists because 
coalescence of the particles is slow. At the higher tempering 
temperature the coalescence of even this low-soluble carbide is of 
course accelerated and, as indicated in [their] Fig. 9, softening is then 
resumed.”’ This theory is referred to again later. 

In this paper the term “ precipitation-hardening ”’ or “ accelerated 
ageing ” is used in exactly the same sense as now used by a host 
of workers, and so ably described and discussed by Portevin “” and 
in more detail by Gayler. The essentials for the process are : 

(1) That one phase, «, should be more soluble in another 
phase, 8, at higher temperatures than at lower temperatures. 

(2) That a supersaturated solution of « in 8 should be 
retained by suitably rapid cooling. 
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(3) That the natural tendency for any metastable condition 
to return to the stable condition should either take place at 
atmospheric temperature (ageing) or be assisted by having 
its temperature raised (accelerated ageing). 


Stripped of all academic reasons why and how precipitation 
processes take place and why these should cause an increase, followed 
by a decrease, of hardness, these processes may be conveniently 
looked upon as taking place in three stages : 


(1) A diffusion of solute atoms (« phase) to crystallographic 
planes preparatory to precipitation proper. 

(2) The precipitation of « phase on these planes. It is 
evident that these precipitates may be so small that they are 
not only invisible under the microscope but are not even large 
enough to act as a grating for X-ray diffraction and hence 
cannot be detected by X-ray methods. 

(3) The coalescence of the precipitated « phase until the 
particles are sufficiently large to be detected by X-ray methods 
and ultimately large enough to be seen under the microscope. 


Now, it is known that coalescence of precipitates—at least within 
the range of microscopic vision—causes softening, but whether 
maximum hardness is caused by the first stage, or the second stage, 
or by some critical size of the precipitate does not yet appear to have 
been satisfactorily determined. As precipitation and coalescence may 
take place together but at different rates depending upon the temper- 
ature, the hardness must depend upon the temperature and the time 
that the alloy is held at that temperature. This is shown in Fig. 2, 
which, together with the caption, is reproduced from Gayler’s 
paper.’ 





HARONESS 














TIME 
Curve A.—Upper temperature limit of ageing; both stages of ageing take 
place excessively quickly. Curve B.—Second stage of ageing, perhaps slight 
indication of first stage. Curves C and D.—First and second stages of ageing 
both apparent. Curve E.—First stage of ageing and perhaps entry of second 
stage at an excessively slow rate. Curve F.—Lower temperature. limit of 

ageing; both stages of ageing may take place excessively slowly. 
Fic. 2.—Curves Representing Time-Hardness Changes at Different Ageing 
Temperatures. (Gayler, Journal of the Institute of Metals, 1937, vol. 60, 

p. 253.) 
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Other physical properties are also affected, but for a full 
discussion of these the reader is referred to the original papers 
already mentioned. Two properties, however, must be mentioned 
here. Precipitation increases the brittleness, coalescence increases 
the toughness, so that the notched bar impact values will also 
depend on both the temperature and the time of treatment. 
Precipitation also causes an increase in volume, coalescence a 
decrease in volume. It follows then that support is given to the 
theory that the retardation of softening on tempering steels 
containing vanadium is due to precipitation-hardening if it is shown : 


(1) That there is some tempering temperature at which the 
hardness is first increased and then decreased as the tempering 
time is prolonged. 

(2) That these changes are accompanied by their corre- 
sponding changes in the Izod impact values. 

(3) That these changes are also accompanied by anomalies 
on thermal expansion curves. 


It would, of course, be an advantage if the precipitated phase 
could be isolated and recognised, and if the changes in other physical 
properties were followed. Abram,” by taking Brinell impressions 
on #-in. cubes after tempering for different times, shows very clearly 
that the first condition is fulfilled in some steels containing vanadium, 
but his evidence in favour of the second condition, that hardening 
is accompanied by a decrease in impact value, is not particularly 
convincing, as the fall in the Izod impact figure on increasing the 
tempering temperature from 500° to 600° or 650°, in eight different 
vanadium steels, varies from —8 to +1 ft.lb., an average of 3 ft.lb. 
only (Abram’s Table XIV.). No evidence is given on the volume 
changes. 

The work now to be described was not undertaken primarily 
to investigate precipitation processes, but in the ordinary course 
of steelworks investigations on steels of commercial purity. 
Certain results needed explanation and supplementary tests were 
made. A selection of the test results is given as confirmatory 
evidence that precipitation processes, as defined above, play an 
important part in the metallurgy of steels containing vanadium. 


EXPERIMENTAL RESULTS. 


The steels used were high-frequency electric-furnace casts, and 
their analyses are shown in Table I. 


TaBLE I.—Analyses of the Steels Examined. 












































sa | CO. %. | Si a %.| 5. %. | P. %,. ai %.| Or. %.| Mo. %.| V. % 
| | 

8245 | 0-265 | 0-16 | 0-57 | 0-028 | 0-022 | 0-10 | 0-14 | 0-58 | 0-30 

8247 | 0-195 | 0-21 0-55 | 0-030 | 0-023 | 0-06 | 0-05 | 0-60 | 0°30 

8248 | 0-255 | 0-14 | 0-58 | 0-035 | 0-025 | 0-11 0-66 | 0-56 | 0-30 
! 
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They were supplied to the laboratory as 14-in. dia. bars, and all 
heat treatments were done on this size unless otherwise stated. 

Inverse-rate heating and cooling curves showed the following 
peak temperatures : 


Cast No, Ac,. Ars. Ar,. Ar,. 
8245 758° C. Tor" ©, sas 669° C, 
8247 755° C. 814° C, 762° C, 667° C. 
8248 vif bk OF 781° C, oes 682° C, 


The temperature of complete solid solubility was determined by the 
hardness and microscopic examination of pieces 4 in. in dia. by 
2 in., water-quenched from different temperatures. For all three 
steels no free ferrite or carbide could be seen in specimens water- 
quenched from 900° C., and on quenching from this temperature 
the hardness was approximately a maximum. 


TaBLE IT.—Air-cooled and Tempered Series. 
Soaked for $ hr. at 900°, air-cooled; tempered for 6 hr. at temperature, 


air-cooled. 
1}4-in. dia. bars. 








' | Limit of | 0-05% - ; : | 
Tempering Propor- Proof St ax Elongation | Reduction Izod 
Temp. tionality. Stress. ouress. on 2 in, of Area. Impact. 
°C. Tons per sq. in. Yo %- Ft.lb. 
Steel 8245. 
Untempered | 18-0 34-0 45-2 26-5 59-2 3 3 
550 20:5 34:6 45:2 25-3 59-2 3 3 
625 34-0 40-0 47-5 25-0 1 61-0 3 3 
675 35-0 36-9 43-8 27-0 65-8 ll 13 
725 30-0 30-9 38-2 28-8 1 67-8 27 +28 


Steel 8247. 


Untempered| 21-0 29-0 38-7 29-0 61-5 7 10 
550 31-0 32-0 39-3 29-5 61-5 7 8 
625 34-0 35-0 40-9 27-5 62-0 5 6 
675 33-0 34-0 40-6 28-0 66-0 12 12 
725 29-0 30-1 36-4 29-0 2 69-3 30 30 

Steel 8248. 

Untempered 12-0 29-0 2 53-6 23-0 54-8 o "rt 
550 37-0 45:8 54:3 23-0 58-5 4 3 
625 45-0 49-6 56-8 22:5 59-2 2 «3 
675 44-0 45-0 50-1 24-0 64-2 9 9 
725 33-0 33°8 41-1 27-0 1 67-8 16 15 





























1 Broke outside middle half. 

2 The 0:2% and 0:5% proof stresses were all equal to the 0:05% proof 
stress except for 8248, untempered: 0-2% proof stress = 35-0 tons and 0:5% 
proof stress = 39-6 tons per sq. in. 


Table II. shows the mechanical properties of these steels in the 
normalised and tempered condition: Soaked for } hr. at 900°C., 











62 P BURTON AND RUSSELL: PRECIPITATION-HARDENING 


then air-cooled, followed by 6 hr. tempering at the temperatures 
stated and again air-cooled. 

The chief point of interest here is that each of the three steels 
gave a higher proof stress and maximum stress after being tempered 
at 625° C. than after tempering at 550°C. The Izod impact values 
are generally so low that any further embrittling after tempering 
at 625° C. is barely detectable. 

Tables III., IV. and V. record the mechanical properties of these 
steels in the water-quenched and tempered condition : Soaked for 
4 hr. at 900° C., then water-quenched, followed by 6 hr. tempering 
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Fic. 3.—Steel 8245; 14-in. dia. bars. Soaked for 4 hr. at 900° C., W.Q.; 
T. 6 hr. at temperature, A.C. 


at the temperatures stated and air-cooled. These are plotted in 
Figs. 3, 4 and 5. The elongations and reductions of area are not 
plotted as they showed nothing unusual. 

The apparently very erratic test results that were obtained on 
a first series which were tempered at temperatures rising by 50° or 
75° intervals made it desirable to complete a series of tests, 
particularly the impact tests, after tempering at 25° intervals. 
Figs. 3, 4 and 5 leave absolutely no doubt that, with the heat treat- 
ments given, there are two ranges of tempering temperature which 
cause embrittlement, and that the commencement of the higher 
range coincides almost exactly with the commencement of 
rehardening. 
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Fia. 4.—Steel 8247; 1}-in. dia. bars. Soaked for }$ hr. at 900° C., W.Q.; 
T. 6 hr. at temperature, A.C. 
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Fia. 5.—Steel 8248; 1}-in. dia. bars. Soaked for } hr. at 900° C., W.Q.; 
T. 6 hr. at temperature, A.C. 
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Fia. 6.—Steel 8248; 1}-in. dia. bars. 
T. 4 hr. and 6 hr. at temperature, A.C. 
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TABLE III.—Steel 8245. 


temperature, air-cooled. 
1}-in. dia. bars. 











PRECIPITATION-HARDENING 


Soaked for } hr. at 900° C., W.Q.; 


Soaked for } hr. at 900° C., water-quenched; tempered for 6 hr. at 










































| min.) 









1 Broke outside middle half. 
2 The figures in brackets show the total number of notches. 














Tempering | Limit of tellin | Max | Elonga- | Reduc- Izod 
aim , ee tion on | tion of sed 
ar Rien, 0:05%. | 0-20%. | 050%, | Stress. 2 in. Area, —. 
Tons per sq. in. | pa 
| Untem- 
pered 13-0 36°3 | 52:8 | 63-2 81-0 14:8 43-2 16-5 (3) 
200 38-0 54-7 65-6 74-2 85-4 12°61) 47-1 26-2 (3) 
300 48-0 55:6 | 61:2 | 67-0 77-4 15-5 54-6 16-5 (3) 
400 48-0 54:3 | 57-1 61-4 68-3 13:01} 57-5 24-4 (6) 
425 =n af Sas ess pe . a 33:3 (3) 
450 50-0 55°9 | 58-7 | 61°8 67-7 14:01] 57-3 38-5 (6) 
475 a 5 Beer Ben me ak | 42-8 (3) 
500 51-0 55-0 | 57-0 | 59-7 67-0 15:8 56-0 31-0 (6) 
525 51-0 | 56-5 65-2 | 22-0 | 59-2 | 42-8 (9) 
550 a ag) ea ‘: w. | 20-1 (3) 
575 58-0 62:9 | 63:8 | 65-8 72-1 19-2 58-1 16-5 (2) 
600 sa ia i en i id wee | -15°7 (3) 
625 60-0 63:2 | 63-4 | 63-5 68-4 20:01) 60-0 14-5 (2) 
650 a fgg tag fe =; * ve | 21-3 (3) 
675 50-0 | 53-0 | ... 54-2 | 21-8 | 66-8 | 49-5 (2) 
725 40:0 | 42-0 | (37-6 43-9 28-5 70-2 |108-0 (2) 
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A comparison of the effects produced on the maximum stress 
and Izod values by tempering steel 8248—after water-quenching 
from 900° C.—at 525°, 575°, 675° and 725° for 4 hr. and for 6 hr. is 
shown in Fig. 6. Increasing the tempering time from } hr. to 
6 hr. increased the maximum stress when the tempering was done 
at 525°C., owing to precipitation having the major effect, but 
decreased the maximum stress when the tempering was done at 
675° and 725°C., owing to the more rapid coalescence at these 
temperatures. The Izod impact values follow the expected course, 
although there seems to be some lag in the effect on these values 
when compared with the maximum-stress values. 


TaBLE IV.—Steel 8247. 


Soaked for $ hr. at 900° C., water-quenched; tempered for 6 hr. at 
temperature, air-cooled. 
1}-in. dia. bars. 






































Tempering | Limit of | nen Max Elonga- | Reduc- Izod 
7 > beac tion on | tion o 
ag dlonutity. 0-05%. | 0-20%. | 0:50%. | Stress. 2 in. Area. ey 
Tons per sq. in. rT ii 
Untem- 
pered 15:0 31:0 | 44:6 | 51-4 66-4 16-8 53-2 30-3 (3) 
200 30-0 42-5 | 48:7 | 55-1 65-9 17-9 55-6 44-7 (3) 
300 43-0 47-4 | 51:0 | 56-0 64-4 18-0 59-8 34-0 (3) 
400 42-0 46-3 | 47-8 | 51-0 58:3 18-5 64-2 49-0 (6) 
450 ine mae whe ce sae sae ae 57-7 (6) 
475 45-0 46:8 | (46-1 sae 55:8 21-0 63-6 55-1 (6) 
min.) 
500 46-0 47-8 | (46-4 pak 54-8 oe 63-2 60-0 (3) 
min.) 
525 46-0 49-7 oe eh 57-8 19-8 59-2 41-1 (5) 
| 650 a sia ies oan ou oa ree 24-0 (3) 
| 675 52-0 54-7 | (54-6 <a 61-4 22:01) 63-6 20-1 (3) 
min.) 
| 600 56-0 59-6 | 59°38 | 59-9 65:4 ace 63-6 15:5 (6) 
| 625 54:0 58-6 see | 62°6 21-0 64-7 12-0 (2) 
| 650 wi © si ‘ei ees 16-8 (3) 
675 50-0 51:8 aie ae 54-6 21:8 66-8 54-5 (2) 
| %25 35-0 37-7 |1(35-4 asa 43-1 26-01} 70-0 {101-0 (2) 
min.) | 























~ 


Broke outside middle half. 


These phenomena were further examined on steel 8247. Tensile 
and Izod tests were made on test-pieces machined from 1}-in. bars 
which had been soaked for } hr. at 900° C. and water-quenched, 
then tempered at 575° C. for various times. This temperature was 
chosen because it lies slightly to the left of the highest maximum 
stress value shown in Fig. 4. The results are shown in Table VI. 
For the first six tests, up to 76 hr., the temperature records showed 
that the tempering had been quite satisfactory, but by an 

1938—ii F 
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unfortunate and unexplained circumstance the temperature rose to 
600° C. for a period of about 3 hr. during the night which included 
the 116th to 118th hours. The results of the 168- and 288-hr. tests 
are included, as it is considered that the same general effects would 
have been produced by tempering at 575° C., although extra time 
would have been required. 


TABLE V.—NSteel 8248. 


Soaked for } hr. at 900° C., water-quenched; tempered for 6 hr. at 
temperature, air-cooled. 


1}-in. dia. bars. 


























vistatnuiansaadl | | Elonga- | Reduc- | | 
~ans —_ eae eee | ea a. | tion on tion of I —, | 
gmp” | Prover- | 0.05%. | o20%.| oon. | SH | “in” | ‘dea. | Tmpect 
Tons per sq. in. } Ais sil 
Untem- | 
pered 15-0 48:3 | 67-2 | 80-0 98-5 | 13:8 42-6 15-3 (3) 
200 41-0 68-4 | 80-0 | 86-6 | 98-4 | 13-9 47:1 21-0 (3) 
300 61-0 70:8 | 78-2 | 85-0 91-3 | 13-01] 49-0 13-0 (3) 
400 62-0 73-0 | 76-9 | 79-3 85-6 | 14:5 52-0 17-7 (6) 
425 see cee oe 7 re eee oe 26-3 (3) 
450 of sh: ace sa ae TS Ska see 24-0 (3) 
475 62:0 | 70-4 | 72-9 | 74:7 | 79-9 | 17:5 | 54-6 | 40-8 (6) 
500 x3 Bs ‘a a ar i mY 39-3 (3) 
525 63-0 75:1 | 76:2 | 77-2 81:3 17:8 56-9 27-6 (5) 
550 aes sk oes — ses ob> aus 33-0 (3) 
575 68-0 76:1 | 76:9 | 78-0 81-6 18-21] 58-1 30-0 (2) 
600 aA Baa ee cae vas a6 exe 18-3 (3) 
625 66-0 73-0 cae 4p 741 19-3 59-2 23-0 (2) 
650 pas kee as = aa, eae oe 39:7 (3) 
675 48:0 | 57-5 | (54-0 bee 56-5 21:31) 66:3 59-0 (2) 
min.) | 
675 56-0 58-5 | (54:5 ae 57-5 23:01] 67:0 
min. ) 
675 49-0 52-6 | (48-8 “és 54-0 24-5 67°3 
min.) 
725 45-0 46-0 | (42:3 ine 46-0 27:01) 67-8 |105-0 (2) | 
| min.) | | 

















1 Broke outside middle half, 


The continued rise in the elastic limit, the 0-05% proof stress 
and the maximum stress over the first 76 hr. tempering is very 
striking, but the lag in the recovery of toughness when softening 
sets in should again be noted. That prolonged soaking at the 
tempering temperature may cause toughening is seen also from 
results which are available on steel 8248, water-quenched from 
900°C. After 6 hr. tempering at 600°C., the Izod values were 
14, 21 and 20 ft.lb., but these rose to 56, 55 and 60 ft.lb. when the 
tempering time was increased to 100 hr. 
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TABLE VI.—Steel 8247. 


Soaked for } hr. at 900° C., water-quenched; tempered at 575° C. for 
the times shown, air-cooled. 
1}-in. dia. bars. 















































bb BA op Seiten ae 
Proof Stresses— | ee | Red 
Tempering | Limit of |———~—— Max. | Prion 2 } raga Izod 
“Hrs, | tionality. | 05%: | 020%. | 0-50%. | FM | gin, | Area. | "Felb. 
_ Tons per sq. in. oi | se 
4 (2) | 46:5 | 48-8 | (48-2 | 56-1 23-5 63-6 | 38-5 (2) 
min. ) | | 
3 51-0 | 52-9 | (52-3 | 60-1 | 21-02) 64:7 | 18-7 (3) 
min.) | } 
6 52-0 | 54-7 | (54-6 | | 61-4 22-02! 63-6 | 20-1 (3) 
| min.) | | | 
12 54:0 | 56-8 | (56-7 | | 62-0 21-52] 64-2 12-6 (3) 
min.) | | 
24 53-0 58-0 ass 63-5 21-17) 64-5 9-7 (3 
| 76 58-0 | 61-5 | (61-3 | | 66-2 | 20-82] 62:6 | 10-6 (3) | 
| min.) | 
| 168 4 53-0 | 60-7 | (60-3 | | 64:6 | 22-0 | 63:6 | 10-0 (3) | 
| min.) | an | | 
288 1 94:0 88 | 58-9 ef 63-1 21-0?) 64:2 | 17-0 (3) 





1 Silas 3 hr. at 600° C. 


2 Broke outside middle half. 
Before leaving the mechanical test results, the authors think 
it desirable to record the following experiences. 


Ball and Diamond Hardness Numbers. 


Brinell numbers and Vickers diamond pyramid numbers were 
obtained on all the Izod test-pieces and a large number of tensile 
test-pieces. It was found that in any one series with constant 
tempering times, the hardness curves followed the maximum stress 
curves, but there was no constant conversion factor; on the other 
hand, when test-pieces having the same tensile strength, obtained 
by different heat treatments, were Brinelled, the calculated tonnage 
could vary by as much as 8-10 tons per sq. in. No general law or 
tendency could be discovered, and no explanation is offered beyond 
the tentative suggestion that the phenomenon may be due to the 
fact that supersaturated solid solutions are hardened comparatively 
quickly by drastic cold-work. 


zod Impact Values. 

During the early part of this work, it was disconcerting to find 
that for some heat treatments the amount of scattering of the Izod 
values at the different notches on the same test-piece was far greater 
than would normally be expected. Repeat tests, made with every 
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possible care, showed no general improvement. The explanation 
is readily seen from Fig. 7, on which is plotted every single value 
for steel 8247 after water-quenching and tempering for 6 hr. A 
similar curve is given by steels 8245 and 8248. It will be seen that 
the largest amounts of scattering occur on the steepest parts of the 
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Fie, 7.—Steel 8247, as Fig. 4, showing the scattering of the Izod values, 


average curve. The profound effect produced by a few degrees’ 
difference in tempering temperature and by small differences in 
heating times makes it extremely difficult to avoid this scattering 


of the test results. 


The Yield Points and Proof Stresses. 

An examination of Tables III., IV. and V. shows that in the 
untempered and low-temperature tempered steels the differences 
between the limit of proportionality, the 0-:05%, 0-2% and 05% 
proof stresses, are quite considerable. As the tempering temperature 
is increased the differences in these values become smaller, until at 
some tempering temperature, or range of temperature, the three 
proof stresses coincide, and there is no indication of any lower yield 
point. Still higher-temperature tempering leads to very well- 
defined upper and lower yield points. These three types are shown 
in Fig. 8, and it should be noted that when there are both upper and 
lower yield points the upper yield point may be reached before or 


ene eee 
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after the true 0-05% proof stress, if the latter be defined as the 
stress actually on the test-piece when the permanent extension is 
0-05%. The upper yield point is nearly always higher than the0-2% 
proof stress, which would be more correctly given by the lower yield 





Stress. 





f / / / 
0 005% 02% O5% 
Strain. 











Fic. 8.—Types of Stress-Strain Curves in the Neighbourhood 
of the Proof Stresses. 


point. In Figs. 3, 4 and 5, the 0-2% proof stress is either the true 
(-2°% proof stress or the upper yield point, whichever is the higher. 
In view of the vigorous controversy which is now raging around 
the question of whether a steel can, or cannot, have an upper and a 
lower yield point, the authors have included in Tables III., IV. and 
V. the values of the lower yield points as taken from the equilibrium 
position, after the drop, of the dynamometer pointer of an Amsler 
50-ton universal hydraulic testing machine, and will merely add that 
if the same steel, tempered at slightly different temperatures, gives 
load-extension diagrams in which the stress at the yield point either 
increases, remains constant or decreases when tested under exactly 
the same conditions, then, in their opinion, the diagrams are 
characteristic of the steels and not of the type of testing machine. 
For reasons which will now be obvious, the “ yield ratios ’’ have not 
been calculated, although it is known that precipitation-hardening 
is accompanied by high yield ratios. Abram “ reports yield ratios 
as high as 99%, and high values, particularly for test-pieces tempered 
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at fairly high temperatures, were found in this work. For steel 
8248, tempered at 675° C., the ratio of the upper yield point to the 
maximum stress was 102% for two tests out of three—see Table V., 
in which the results for the triplicate tests, heat-treated at different 
times, are given as another example of the difficulty in obtaining 
concordant results when the tempering is done at a temperature 
where the rate of change of properties with tempering temperature 
is very great. 
DILATATION. 


It has been shown repeatedly in the non-ferrous alloys that 
precipitation is accompanied by an increase in volume, followed by 
a decrease in volume during the coalescence stage. Very exact 
measurements at atmospheric temperature of the relative specific 
gravities of two samples of steel at different stages of precipitation 
were made. The samples chosen were cut from the heads of the 
tensile test-pieces of steel 8247, one of which had been tempered, 
after water-quenching, at 575° C. for 3 hr. and had a tensile strength 
of 60-1 tons per sq. in., and the other tempered at 575° C. for 76 hr. 
with a tensile strength of 66-2 tons per sq. in. (see Table VI.). The 
specific gravities are given relative to cyclohexanol, and by 
interpolation the weights in cyclohexanol were obtained at 
temperatures which were constant to within 0-01° C., a Beckmann 
thermometer being used to obtain this accuracy. The results 
obtained were : 

Tempered for . , ‘ « ar. 76 hr. 

Specific gravity ; , -. 83652 8-3605 
The difference is about ten times the estimated experimental error 
and leaves no doubt that the harder material is the less dense. 
Fig. 9 shows a typical thermal-expansion curve and magnetic- 
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Fic. 9.—Dilatation Curve on Steel 8247, W.Q. from 950° C, 
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induction curve taken simultaneously on a 4-in. length of steel 
8247 after water-quenching from 950°C. The relatively slow rate 
of expansion between approximately 250° and 420° is, of course, 
due to the letting-down of the martensite, and a repeat test confirmed 
that this was accompanied by an irregularity in the magnetic- 
induction curve. At about 570° C., in this experiment, the rate of 
expansion increased appreciably until some 40° below the critical 
point. It is suggested that the increase in volume at the higher 
temperature range is further confirmation of precipitation processes. 
The form of the dilatation curve will, of course, depend upon the 
rate of heating. 


CARBIDE ANALYSES AND DISCUSSION OF RESULTS. 


Microscopic examination of steel 8247 after slow-cooling from 
900° C. at a rate of 8° C. per hr. showed relatively large quantities 
of what was presumably V,C; in the ferrite, but examination of 
numerous specimens after water-quenching and tempering at 
various temperatures and for different times failed to reveal any 
satisfying evidence that the precipitation of carbides takes place at 
the higher tempering temperatures. Consideration was therefore 
given to the possibility of obtaining direct proof from an examination 
of the carbide residues obtained on electrolytically dissolving in 
dilute acid a steel which had been tempered at different temperatures. 
The authors are fully aware of the many objections which have 
been raised to this method of metallurgical research, but it so 
happens that this method is still the most satisfactory one for 
proving that in slowly-cooled plain carbon steels the carbon exists 
as Fe,C, and, further, that in slowly-cooled carbon-vanadium 
steels, the vanadium takes its full quota of carbon to form V,C;, 
any excess of carbon forming Fe,C and any excess of vanadium 
going into solid solution in the iron—see Arnold,‘® Hougardy ‘” and 
others. What effect the addition of 0-60% of molybdenum to a 
steel containing 0-20% of carbon and 0-30% of vanadium may have 
on the carbides is not known, but it is very probable that in a steel 
without vanadium and containing 0-20% of carbon and 0-60% of 
molybdenum the molybdenum exists as a solid solution of either 
the element or more likely Fe,Mo, in the iron. The examination 
of ‘‘ carbide ” residues from carbon-molybdenum steels has never 
been a fruitful field of research, as the molybdenum is usually found 
distributed between the residue and the electrolyte, and some may 
be deposited on the cathode. It is therefore proposed to make no 
further reference to the molybdenum beyond saying that the authors 
have been unable to find any evidence that molybdenum plays an 
important part in the precipitation-hardening of these steels. 

For the carbide investigations, steel 8247 was used. Bars 1} in. 
in dia. were water-quenched from 900° C. and tempered for 6 hr. 











72P BURTON AND RUSSELL: PRECIPITATION-HARDENING 


at 500° and 6 hr. at 700° C. The general procedure for the separation 
of carbides followed very closely that adopted by Arnold. 

Turnings from the bar gave 0-205% of carbon and 0-30% of 
vanadium; these results are within + 0-01%. Table VII. gives 
the relevant results taken from the laboratory report. 


TaBLE VII.—Steel anc Carbon and Vanadium Analyses. 


























Tempered for 6 hr. at— | 

pao aca od 

500° C. Tt 700° C 
Weight of steel dissolved . 18-365 g. | 15-00 g. 
Weight of carbide residue . 0-4075 g. 0-5170 g 
Percentage of carbide residue 2-22% | 3°45% 
Analysis of carbides : Carbon 6-:1% 6-1% 

Vanadium . 45% 89% 

Recovery of total carbon in carbides . -| 66% approx. cca? approx. 
Recovery of total vanadium in carbides 5: A A003. 65 

| 











One should not be hypercritical when examining the results of 
investigations with carbide residues—particularly those obtained 
from low-carbon steel—but the fact cannot be overlooked that in 
duplicate tests on the samples which had been tempered at 500° C. 
about one-third of the vanadium was found in the carbide residue 
and two-thirds in the electrolyte and on the cathode, whereas in 
duplicate tests on samples tempered at 700°C. only traces of 
vanadium were found in the electrolyte and on the cathode. There 
was also an appreciable loss of carbon by the evolution of hydro- 
carbons from the test-pieces tempered at 500°C. This amounted 
to 0-068% of the steel dissolved, and is in excess, by 0-033%, of the 
carbon required to form V,C; with the 0-2°% vanadium which went 
into solution. This excess of carbon—too large to be an 
experimental error—must be attributed to Fe,C. 

These carbide results and their relation to precipitation- 
hardening processes may be considered from several points of view. 
It may be supposed that after tempering at 500° C. all the V4C; and 
Fe,C were present as a mechanical mixture in the «-iron, but that 
at least some portion of the carbides was in such a fine state of 
division that they were dissolved in the acid. If this supposition 
be correct then tempering for a longer time, or at a higher 
temperature, would merely promote coalescence, and, although the 
rate of diffusion and hence coalescence of the V,C3 may or may not 
be less than that of Fe,C, the general tendency must be to cause 
softening. This theory would not explain the rehardening which 
has been shown to occur, and the theory must be rejected. 

The next possibility to be considered is that in the rapidly cooled 
steels the vanadium, as such, is in solid solution in «-iron; as the 
tempering temperature rises above about 500°C. there is an 
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increase in the solubility of Fe,C in iron, and the dissolved carbon 
then precipitates the vanadium-rich carbide. This theory is very 
similar to that put forward by Zimmerman, Aborn and Bain.® It 
gets no support from the carbide analyses, and it seems to be a 
contradiction of the Arnold law that carbon has a greater affinity 
for vanadium than for iron. 

The simplest and most probable explanation of the carbide 
results is that after tempering at 500°C. most of the vanadium 
carbide and some iron carbide were still in solid solution in the 
a-iron, and that dilute acid decomposed these carbides. Hydro- 
carbons would be evolved and the vanadium would go into the 
electrolyte. This point of view is supported by the work of Vogel 
and Martin,‘® who have studied the Fe-Fe,C-V,C3-V space model. 
They state that at the eutectoid temperature, about 700° C., the 
«-field is bounded by a line running from about 0-05°%, carbon on the 
Fe-Fe,C side to a point at 0-8% vanadium and 0-2% carbon, 2.e., 
the presence of a small quantity of vanadium increases the solu- 
bility of carbon, or carbides, in «-iron at the eutectoid temperature. 
There seems, however, no need to assume that it is an essential 
condition of precipitation-hardening that V,C3 must be more soluble 
in «-iron at the eutectoid temperature than at atmospheric 
temperature. So long as a supersaturated solution of V,C in 
«-iron is produced by any means, say, by quenching from the y 
range, then precipitation-hardening processes will occur with suitable 
heat treatment. The decomposition of this super-saturated solid 
solution on heating to higher tempering temperatures would account 
for all the test results reported here. 


In conclusion, the authors thank the Directors of the English 
Steel Corporation, Ltd., for permission to publish this paper, and 
their colleagues on the staff of the Chemical, Metallurgical and 
Research Department for their help and interest in the work. 
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FACTORS AFFECTING RED-SHORTNESS.* 


By FRANK G. NORRIS, M.S.Cu.E. (STEUBENVILLE, Onto, U.S.A.). 


SUMMARY. 

Samples from four open-hearth heats were forged into }-in. square 
bars, which were sampled for chemical analysis and tested for red- 
shortness by bending over an anvil while in the red-short range. 
If the ratio (Mn + 0-048)/(S + 0-13 O) (in which Mn, S and O are 
the weight percentages of manganese, sulphur and total oxygen) 
is below 3-30, the sample is red-short. Samples from previous inves- 
tigations show that a definite value of this ratio can be established 
for any one investigation, above which no sample is red-short and 
below which all are. If worked in the red-short range as soon as 
this temperature is reached after solidification, a sample with a ratio 
as high as 6-46 is red-short. In the range 6-46—3-30, the cooling con- 
ditions affect the red-shortness. Independent evidence indicates that 
the cooling conditions affect the amount of iron or manganese sulphide. 


INTRODUCTION. 


THE red-shortness referred to in the present paper is brittleness 
or low shear resistance of y-iron in the temperature range extend- 
ing for 200° or 300° C. above the Ag point. Any rolling or bending 
of red-short material in this temperature range is likely to cause 
failure by intergranular fracture. 

The practical problem of how to make material that is not red- 
short is solved by adding so much manganese that red-shortness is 
prevented regardless of the influence of unknown factors. That 
this much manganese may sometimes not be necessary is unimpor- 
tant. This method of preventing red-shortness is followed by 
Thomas,2 who prepared a specification for manganese based on 
the sulphur content. 

The scientific problem of stating the limiting amount of man- 
ganese above which there is never red-shortness and below which 
there is always red-shortness, is somewhat more involved. 
Apparently the major variable affecting red-shortness is the com- 
position with respect to manganese, sulphur and oxygen. Red- 
shortness is thought to be associated with precipitation, probably 
at the grain boundaries. Thus, variables affecting the solubility 
and grain boundary formation (grain size) may be reasonably ex- 
pected to have a secondary effect on the red-shortness. At present, 


* Received July 13, 1938; based on a thesis submitted by the author in 
partial fulfilment of the requirements of Purdue University for the degree 
of Chemical Engineer, June, 1933. 
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even the identity, much less the effect, of all these minor variables 
is not known with certainty. The infallible prediction of red- 
shortness from the composition is possible only if the thermal 
treatment between solidification and testing is standardised. 

In the present paper a group of samples from open-hearth heats, 
all with the same thermal and mechanical treatment, is used to 
derive a function of the composition, which is related to the forging 
behaviour. This function, which involves the manganese, sulphur 
and oxygen contents, is compared with other suggested functions 
relating the composition to the red-shortness. 


RECENT WorK ON RED-SHORTNESS. 


No extensive discussion of red-shortness has been published in 
English since the work of Cain,‘ in which the early literature was 
reviewed. The outstanding investigations published since Cain’s 
paper will be considered briefly. 

Wimmer ® prepared nine series of samples with increasing 
oxygen contents, using an electric crucible furnace. The oxygen 
was determined by the Oberhoffer method. The phosphorus con- 
tent was about 0-045% in all samples. The ingot was forged to 
20-mm. square rods at about 950°, and detailed observation of the 
behaviour was recorded. 

Jansen ®* reported ten series of samples from open-hearth heats. 
One sample in each series was taken from the bath right after the 
ore addition. The other samples represented the metal after vari- 
ous additions either to the bath, to the sample spoon, or to the ladle. 
The most common addition used was manganese or oxygen. Some 
of the samples were in about the range of composition for open- 
hearth heats of American practice. Others were exceptional for 
our practice because of the high residual manganese. The carbon 
was below 0:10% in all samples. 

The oxygen was determined by the Oberhoffer modification of 
the Ledebur method and probably represents the total oxygen for 
steels of this composition. 

The sample was forged to a 15-mm. square section. Without 
cooling, this was notched for one-third of the cross-section and bent 
through 180°. Red-shortness was indicated by cracking in the 
region of the notch. Although potentially this is a more severe test 
than that used by many other workers, Jansen’s interpretation of 
the tests is liberal and gives results in agreement with other methods. 
Notching the bar is unnecessary, but not objectionable. 

Jansen explains the presence or absence of red-shortness on the 
basis of the remainder after subtracting }¢ Mn from the oxygen. 
A negative remainder indicates freedom from red-shortness. 

Niedenthal® prepared steel high in sulphur by adding iron 
sulphide to a small ladle (50 lb.) of open-hearth steel. Steel high in 
oxygen was prepared by additions of scale to an electric arc furnace. 
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The desired manganese was obtained by additions of metallic man- 
ganese. 

The degree of red-shortness is shown by a comparison of the 
variation with temperature of the impact resistance and bending 
angle for a good low-carbon steel and for the sample in question. 
This is a new method, which apparently has not been adopted by 
any workers other than Niedenthal. Unfamiliarity with the method 
prevents discussion of its merits. The requirement that the two 
samples for comparison be alike in respect to every element except 
those being studied might be difficult to meet. 

Niedenthal’s observation that the red-short range always lies in 
y-iron is in accord with most other evidence. One contradiction 
is given by Jones and Gray,” who state that, ‘“ the brittle zone 
found on hot-rolling (ingot iron) occurs in the y + « zone of the 
equilibrium diagram, namely, between approximately 900° and 
800°C.” 

Oberhoffer, Hochstein and Hessenbruch ‘? report twenty-four 
heats of alloy steel held in a graphite crucible and melted in an 
oil furnace. The forging properties are given for most of the 
samples. With but two exceptions, the sulphur content was in the 
range 0-017-0:023%. The presence of various alloying elements 
seems to have little influence on red-shortness, because the forging 
properties of these samples can be estimated with fair accuracy, 
using relations derived from observations of plain carbon steel. 

Hatlanek‘® took samples during a 4-hr. period from a small 
Héroult furnace in which 200 kg. of manganese-steel scrap were 
charged. Some of these samples were tested as taken from the bath ; 
to others manganese, aluminium, or silicon was added in the spoon. 
A hot bend test of a notched sample was used to determine the 
degree of red-shortness at various temperatures. Blue-brittleness 
and hot-shortness also were studied. No correlation exists between 
the solidification behaviour and red-shortness. No red-shortness 
was found below 900° C., although in some cases the range was 
above 1300°. All red-shortness was removed by manganese, but 
not by silicon or aluminium. Comparison with the results of the 
present investigation cannot be made because the oxygen content 
is not reported. 

Fell” determined the forging behaviour of thirty samples, of 
which three were not red-short. Heats of about 1000 g. of 
Armco iron or electrolytic iron were melted in a vacuum or 
oil-fired furnace. Sulphur or oxygen was added to some of the 
heats. : 

Red-shortness was determined by bending the hot bar over an 
anvil. Fell calls attention to the common observation that, 
although the anvil test is a sensitive indication of red-shortness, 
the result is difficult to express numerically. He finds notched im- 
pact tests in the red-short range a good indication of red-shortness. 
Red-short samples have a value of 0-37 m.kg. per sq. cm. or less at 
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a temperature of 940° C. or above. Jones and Gray!” state that 
hot-shortness is not revealed by hot impact (Charpy) tests. 

Maurer and Bischof” have shown an increasing tendency to red- 
shortness with increasing values of the product of the percentage of 
manganese in the metal multiplied by the ratio of the iron to man- 
ganese in the slag. The forging behaviour is reported for twelve 
samples, all of which were in the composition range 0-22-0-31% of 
manganese and 0-042-0-060% of sulphur. The manganese product 
varies from 0-25 to 0-46. Differences in value in this case indicate 
changes in slag composition rather than major changes in the man- 
ganese content of the metal. With a given metal composition, an 
increased value for the ratio indicates conditions that favour high 
FeO and low MnO in the metal. From this work it may be 
concluded that oxygen as FeO in the metal is more effective in 
causing red-shortness than the same amount of oxygen present 
as MnO. 


Source oF MATERIAL STUDIED. 


The purpose of the present investigation was to determine the 
limiting amount of manganese required to prevent red-shortness 
for a given sulphur and oxygen content. The thermal history of 
all of the samples was the same previous to testing for red-shortness. 
Thus, the composition is the chief variable. When a series of syn- 
thetic alloys is prepared to study the influence of composition, there 
is no certainty that the samples prepared will represent limiting 
compositions with respect to red-shortness. This difficulty is 
avoided by taking samples from an ingot-iron bath. 

As Boylston “ has explained, “ingot iron, because of its ex- 
tremely low manganese content, is red-short within a certain tem- 
perature range, whereas steel, owing to its higher manganese 
content, is free from red-shortness.”’ 

In a heat of ingot iron, which is normally red-short, manganese 
is the last element to be eliminated. Because manganese is known 
to prevent red-shortness, samples taken early in an ingot iron heat 
may not be red-short. If this be true, red-shortness must appear 
at some time between taking an early sample and tapping the heat. 
Samples taken at intervals during the heat will represent compo- 
sitions just on the border between red-shortness and its removal. 

Samples were taken from several ingot-iron heats, starting when 
the heat was under cover and continuing at intervals of about an 
hour until the heat was ready to tap. Obviously the compositions 
of all of these samples differ from that of commercial ingot iron. 
All samples from the heats were tested to determine the presence or 
absence of red-shortness. The last sample free from red-shortness 
and the first red-short sample are most likely to be useful in estab- 
lishing the limiting composition. Accordingly, not all samples 
tested for red-shortness were analysed. Carbon, manganese, 
phosphorus, sulphur, silicon and oxygen by the vacuum fusion 


me 
sh 
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method were determined on selected samples, with the results 
shown in Table I. 


TaBLE I.—Composition of Open-Hearth Samples. 
































Heat. | tease cee. | Cy %s. | Me %:| P. % | 8. % | Si %+ | On %: 
at | | | | 
| ne No | 0-03 | 0-113 | 0-044 | 0-038 | 0-046 | 0-021 | 
| 2 No | 0-030 | 0-114 | 0-030 | 0-041 | 0-006 | 0-060 | 
f og 4 Me 0-029 | 0-063 | 0-004 | 0-029 | 0-002 | 0-034 | 
ff | Yes | 0-025 | 0-054 | 0-002 | 0-023 | 0-003 | 0-063 | 
| 5 Yes | 0-023 | 0-050 | 0-002 | 0-023 | 0-002 | 0-055 
6 Yes ae ye. naa | St je seca il 
| 7 Yes 
| | 
B ] No ee eye? eee 
| 3g No et ee cee ee eee eae mal 
3 No 0-07 0-084 0-005 0-024 0-004 0-024 | 
4 No 0-020 | 0-053 | 0-002 | 0-022 | 0-002 | 0-059 
5 Yes 0-019 0-044 0-002 0-022 0-002 0-058 
| 6 Yes | 0-017 | 0-027 | 0-002 | 0-022 | 0-002 | 0-028 | 
ey Yes wis vag ee rr a ——— 
| 8 Yes ion wae ied Pn ve ideal 
ee pe Yes | 0-045 | 0-083 | ... | 0-050] ... | 0-018 | 
| | 2 Yes Seta HO des bas =o Gea shi 
| 3 Yes | 0-022 | 0-059 | 0-030 .. | 0-162 
fae! Yes Me an —_ ae a ie eS 
re: Yes | 0-037 | 0-058 see 0-029 | 0:197 
1 Yes eas ie ie wks | 
| | 7 | Yes | 0-032 | 0-052 | |. | 0-027 | 
8 Yes we eee a pat 
| | 9 Yes | 0-041 | 0-049 | ... | 0-028 
Dp 4 No 0-178 | 0-120 | ... | 0-037 | 0-008 
2 Yes 0-034 | 0-093 |... 0-046 | | 0-014 
| | 3 | Yes | 0-028 | 0-093 | ... | 0-039 | 0-029 | 
oe eee Nees oo i ete | Bes — | 
| | 6 | Yes eee eee | occ | eee | eee | 








After sampling the first two heats, a preliminary study of the 
results indicated that manganese, sulphur and oxygen were the 
pertinent variables. Samples taken from later heats were analysed 
for these constituents only. The first appearance of red-shortness 
is not associated with any particular stage of the heat nor with the 
furnace practice except as this affects the composition. Red- 
shortness seems to be a function chiefly of the composition, but may 
be influenced by other variables. 

In the open-hearth bath there is a fairly regular relation between 
the components of the charge and the concentration of the carbon, 
manganese, silicon and oxygen present as the heat progresses. In 
stating that the samples came from an open-hearth bath, this 
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relation between the various elements is implied. Probably the pro- 
posed criterion of red-shortness can be validly applied to predict 
the forging behaviour of synthetic alloys, provided that the 
composition in respect to elements other than manganese, sulphur 
and oxygen is the same as that found in basic open-hearth steel before 
a ladle addition. There is some evidence that appreciable amounts 
of silicon may affect the red-shortness. A possible explanation for 
this is that silicon changes the nature of the oxides present, but not 
the total oxygen. In samples taken from an open-hearth bath, the 
distribution of sulphur and oxygen between the manganese and 
iron is fairly constant for given values of total manganese, total 
oxygen and “evolution” sulphur. The presence of elements 
which disturb this distribution will be likely to vitiate the results 
of prediction based on these constituents. 


METHOD oF TESTING FOR RED-SHORTNESS. 


For determining the presence of red-shortness the method 
described by Cain, Kenyon,‘ and Fell was used. 

The sample was forged to a }-in. square section at a temperature 
well outside the normal red-short range. The square bar was 
reheated to slightly above 1100° C. and bent repeatedly over an 
anvil until cooled to 800° C. If the piece does not break, one may 
be sure that it is not red-short. It may break, however, owing to 
repeated bending at one point. The experienced operator can 
readily distinguish this type of fracture from a red-short fracture. 
If this cause of failure is suspected, the test should be repeated by 
bending the bar 90°, then straightening and making the next bend 
about an inch from the first. Failure due to repeated bending may 
be avoided also by not striking until the bar is well within the red- 
short range, which is easily distinguished by one familiar with this 
method of testing. The red-short fracture is sharp and well- 
defined at right angles to the axis of the bar, and extends entirely 
through the }-in. section. Cracks extending only partly through 
a bar of this size indicate the absence of definite red-shortness. 

Samples for analysis were taken within 6 in. of the section bent, 
thus avoiding the possibility of erroneous conclusions caused by 
the effect of segregation. 


VARIOUS CRITERIA OF RED-SHORTNESS. 


Manganese has long been recognised as a remedy for red-short- 
ness and many workers have emphasised sulphur as a possible 
cause. Cain‘? points out that a value of 3-0 for the ratio of the 
manganese to sulphur may prevent red-shortness, but in some 
cases it must be as high as 5-0. The manganese-sulphur ratio is 
referred to later as criterion I. 

The tendency of German workers is to recognise sulphur as a 
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possible cause of red-shortness, but to place most emphasis on 
oxygen. In fact, the possible effect of changes of sulphur is not 
considered by Jansen“ or by Maurer and Bischof.2” To this 
extent the relations they propose cannot be expected to predict 
definitely the forging behaviour. 

Jansen’s remainder rule is that there will be no red-shortness if 
the expression O — }$ Mn be negative. In applying this rule, it 
will be seen that if the value of the manganese-oxygen ratio is greater 
than 3-44, Jansen’s remainder will be | negative and the absence of 
red-shortness is indicated. Jansen’s remainder is referred to as 
criterion IT. 

Examination of the forging results given in Table I. showed 
that the behaviour was not explained by either criteria I. or II. 
Six samples, three red-short (D3, A4, and A5) and three not red- 
short (A2, A3, and B4), were selected for intensive study to deter- 
mine what function of composition is related to red-shortness. 
Various diagrams were made using manganese as the ordinate and 
values of the expression (S + a x QO) as the abscissa, where a is an 
arbitrary factor. Ifthe value of a is either 0-10 or 0-15, the resulting 
plot does not allow a satisfactory separation of red-short from non- 
red-short samples. If the value of a is 0-13, however, the line 
joining the points representing samples A2 and A3 divides the 
diagram so that points below and to the right represent red- 
short samples. A line which just misses A2 and A3 has the 
equation : 

Mn = 3-31(S + 0-130) —0048 . . . . (1) 


This equation is valid for sulphur contents from 0-020 to 0-050%, 
and evaluates in terms of total sulphur and total oxygen the man- 
ganese content below which red-shortness is present and above 
which no red-shortness is found by the described method of 
testing. 

A convenient way to show the merit of this relation is to calcu- 
late the ratio (Mn + 0-048)/(S + 0-13 O) for each sample. This 
ratio will be referred to later as criterion III. 

There is no theoretical basis for either the form or the values 
used in criterion ITI., the only justification for which is that it gives 
a consistent relation between the composition and the red-shortness. 
Theoretical relations are often based on equilibrium conditions or on 
a complete reaction in the metal phase. The total manganese, 
sulphur or oxygen found by analysis includes both metal and slag 
inclusions and is influenced by the amount of the slag phase, where- 
as the composition of the metal in equilibrium with any slag depends 
only on the composition and not on the amount of slag (inclusion) 

hase. 
“ Although none of the samples used to derive this relation had 
sulphur below 0-020%, the possible extension of the equation to 
lower values is of interest. Continuation of the line mentioned 
1938—ii G 
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TaBLE II.—Relation of Composition to Forging Behaviour. 






























Sample. Mn. %. 
B3 0-084 
D1 0-120 
Al 0-113 
B4 0-053 
A3 0-063 
A2 0-114 
D3 0-093 
A4 0-054 
A5 0-050 
B5 0-044 
D2 0-093 
B6 0-027 
Cl 0-083 
C3 0-059 
C5 0-058 
1 | 0-08 
2 0-04 
16 0:05 
18 0-01 
21 0-01 
22 0-01 
20 0-03 
10 na 
59 | 0-12 
68 0-10 
53 0-08 
54 0-07 
62 0:07 
52 0-03 
61 0-05 
50 0-05 
69 0-04 

| 45 0-04 

| 46 0-04 

| 61 0-03 

| 62B | 0-03 

| 61B 0-04 
65 0-04 
56 0-04 
63 0-03 
60 0-022 





0-024 
0-037 
0-038 
0-022 
0-029 
0-041 


0-039 
0-023 
0-023 
0-022 
0-046 
0-022 
0-050 
0-030 
0-029 


0-018 
0-022 
0-021 
0-021 


0. %. 


| 

| 0-024 

| 0-008 
0-021 

| 0-059 

| 0-034 

0-060 


0-029 
0-063 
0-055 
0-058 
0-014 
0-028 
0-018 
0-162 
0-197 





i. 


3-50 
3°24 
2-98 


bobo bor 
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| 2-00 | 


Fell’s Samples. 





0-033 | 6-66 
| 0-04 | 2-00 

| | 

| o-os9 | 1-56 | 
| 0-046 0-4 
0-063 | 0-42 

| 0-084 | 0-33 | 

| 0-093 | 0-19 | 
0-045 |... 

Oberhoffer’s Samples. 
0-019 | 6-0 
0-013 | 5-0 
0-022 4-45 | 
0-020 | 3-89 | 
0-020 | 3-18 | 
0-007 | 1-76 
0-009 2-27 
0-026 2-50 
0-012 | 1-90 
0-015 | 2-00 
0-019 | 1-74 
0-020 | 1-58 | 
0-0015| 1:36 | 
| 0-029 1-82 

| 0-062 | 2-22 

| 0-046 1-82 

| 0-029 | 1-43 

| 0-022 | 1-05 

| 








Criterion— 


II. lil 
Neg. | 4:87 
Neg. | 4-42 
Neg. | 3-96 
0-044 3-40 
0-016 3-33 
0-027 | 3°32 
0-002 | 3-30 
0-047 | 3-27 
0-041 3-25 
0-045 | 3-11 
Neg. | 2°95 
0-021 | 2-92 
Neg. 2-50 
0-145 | 2-10 
0-180 | 1-94 


0-010 | 7-85 
0-028 | 3-5 


0-074 | 2-25 
0-043 | 1-87 
0-060 1:81 
0-081 | 1-41 
0-084 | 0:47 
Neg. 7:30 
Neg. 6-72 
Neg. 6-10 

00 5-62 

00 4-72 
Neg. | 4:33 
Neg. 4-23 

| 

0-011 | 4-19 
Neg. 4:00 
0-003 | 4-00 
0-007 | 3-62 
0-010 3°55 
0-005 3°55 
0-017 3°38 
0-050 3°38 
0-034 3-26 
0-019 3°12 
0-012 2-92 
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No 


No 
No 
No 
No 
No 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


No 
No 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


No 


No 
No 


No 
No 


Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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IX. | 0-24 
| IV. | 0-22 
; | 0-21 
| VIII. | 0-22 


Sample. Mn. %. 
| 3 | 0-160 
| A-511| 0-031 
| 76-1 0-120 
| A-510} 0-033 
| A 0-090 
| B | 0-160 
| LL. | 0-38 
| ai, 0-34 

III. 0-34 
| VI. | 0-29 
VII. 0:26 
| 


D-3 | 0-38 
D-2 | 0-34 
A-3 | 0-50 
| B-3 | 0-49 
A-2 |. 0-52 
F-1 | 0-36 
H-3 0-31 
H-1 | 0-32 
H-3 0-30 
C-3 | 0-41 


G- 0-21 
F-2 | 0-30 
| F-3 | 0-25 
| B-2 | 0-24 
| E-3 | 0-29 
A-1 | 0°25 
G-3 | 0-17 
| ©-2 | 0-29 
J=2 | 0-07 
| B-1 | 0-14 
D-1 | 0-06 
| #-2 | 0-22 
J) 0-08 
| E-1 | 0-10 
C-1 | 0-09 
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TaB.LE II.—(Continued.) 


0-029 
0-011 
0-034 
0-015 


0-023 
0-050 


0-038 
0-032 
0-038 
0-035 
0-032 


0-035 
0-040 
0-040 
0-040 


0-021 
0-020 
0-042 
0-041 
0-043 
0-036 
0-028 
0-030 
0-027 
0-044 
0-025 
0-036 
0-036 
0-037 


0-038 
0-043 
0-029 
0-053 
0-020 
0-037 
0-017 
0-054 
0-028 
0-042 
0-055 


Ou. % 


i 


Cain’s Samples. 


0-028 
0-027 
0-027 
0-030 


Criterion— 


II. 


Neg. 
0-018 
Neg. 
0-021 


0-059 
0-062 


Wimmer’s Samples. 
0-043 | 10-00 


0-062 
| 0-113 
| 0-135 
| 0-129 


0-192 
0-135 
0-153 
0-174 


10-60 
8-95 
8-29 


8-13 


6-86 
5°50 
5-25 


5°50 


| 
| 
| 


Jansen’s Samples. 


| 0-075 
0-085 
0-028 
0-030 
0-060 
0-040 
0-066 
0-070 
0-084 
0-088 
0-052 
0-055 
0-060 
0-050 


| 0-110 
0-10 
| 0-093 
0-096 
0-040 
0-040 
0-078 
0-110 
0-110 
0-140 
| 0-092 





| 
| 


18-1 
17-0 
11-9 
11-95 
12-1 
10-0 
11-10 
10-70 
11-1 
10-72 
8-4 


4-08 
2-85 
2-38 
1-63 


| 
| 


Neg. 
Neg. 
0-012 
0-041 
0-053 


0-123 
0-071 
0-692 
0-110 


0-046 
0-087 
0-111 
0-066 


RED-SHORTNESS. 


6-30 
5-26 
4-42 
4-26 


4-06 
3-25 
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9-42 
9-18 
8-26 
8-13 
8-06 
6-95 


6-63 


6-46 
5°32 
5:30 
5°16 
4-68 
4-46 
3°99 
3°93 
3-03 
2-46 


2-07 
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above indicates that in a sample containing zero manganese, the 
limit of red-shortness is at 0-014 for the sum S + 0-13 O. Cain’s 
samples containing below 0-01° of manganese show no red-short- 
ness below 0-014. Some of the high-oxygen samples are not red- 
short although S + 0-13 O is considerably above 0-014; apparently 
oxygen acts merely to intensify the effect of sulphur and is not as 
effective with low sulphur as with sulphur above 0-020%. 

A critical test of the extrapolation of equation (1) would be a 
sample containing above 0-010% of sulphur, but low enough in 
oxygen that S + 0:13 O is below 0-014, and with very low man- 
ganese. With the exception of Fell’s sample 10, no disagreement is 
found with Cain’s result that, even with manganese below 0-010%, 
very high oxygen does not cause red-shortness if the sulphur con- 
tent is below 0-01%. 


Discussion of Table II. 


In addition to the samples of the present investigation, Table 
II. shows for comparison the results of other recent investigations. 
The samples of each investigator are listed in order of decreasing 
value of criterion III., together with the composition, the values of 
criteria I. and II., and whether or not red-short. 

If the samples of any one investigator be classified according to 
criterion III., a definite limiting value is established, above which 
there is no red-shortness and below which there is red-shortness. 
The fact that no one value will apply satisfactorily to the samples 
of all investigators suggests that some factor other than the com- 
position affects the red-shortness. 

Fell gives the composition in respect to manganese, sulphur 
and oxygen for only nine samples, eight of which are shown in Table 
II. Sample 19 is omitted from consideration because of the high 
silicon content (0-22%), which is distinctly different from open- 
hearth bath samples or the rest of Fell’s samples. Sample 10 is 
of interest, because it is the only known report of red-shortness in 
material containing less than 0-010% of sulphur. 

Oberhoffer and others‘? determined the forging properties of a 
group of samples of alloy steel and applied Jansen’s remainder. 
Several samples are omitted from Table II., because the forging 
results are not reported. In general, the forging results are in 
agreement with the indication of Jansen’s remainder (criterion IT.). 
However, there are enough exceptions that criterion II. cannot be 
considered entirely satisfactory for this group of samples. 

Of Cain’s™ samples, only those prepared from commercially 
pure iron are shown in Table II., which thus omits the series pre- 
pared to locate the value of sulphur at which red-shortness dis- 
appears and the series to show the effect of copper. 

Wimmer” reports the composition and forging behaviour of 
nine melts. The average oxygen value given in Table II. is the 
same value used by Jansen. In Wimmer’s paper, melt VII. is 
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reported as not red-short and melt VI. with only a tendency to red- 
shortness. In Table II. both of these melts have been reported 
not red-short, which is contradictory to Jansen’s report of Wimmer’s 
results. 

All of Jansen’s ® samples for which the composition in respect 
to manganese, sulphur and oxygen is known, are shown in Table 
Tt. Two of the samples, namely, B-1 and C-2, reported question- 
able in the original paper, are listed as red-short in Table II. 


Comparison of Criteria. 

Attention is directed to Fell’s samples as shown in Table II. 
The limiting value of criterion I. lies between 2-00, above which 
there is no red-shortness, and 1-56, below which all samples are 
red-short. The limiting value of criterion II. lies between 0: ‘028, 
below which there is no red-shortness, and 0-043, above which all 
samples are red-short. The limiting value of criterion III. lies 
between 3-5, above which there is no ‘red- shortness, and 2-25, below 
which all samples are red-short. In Table III. limits selected in 
this way are given for the samples of each investigator. If such 
limiting values cannot be established, the criterion is considered 
unsatisfactory and is so indicated. 


TaBLE II11.—Comparison of Criteria. 
































| | Limiting Value. 

| Investigation. Criterion I. | Criterion II. al Criterion ITI. 

| eae ee ee 

| | 

| Upper. | Lower. | Upper. Lower. | Upper. Lower. 

| P — mel ‘ | Unsatisfactory Unsatisfactory 3-32 3°30 

: . | 2:00 | 1-56 0-028 | 0- 043 3-5 2-25 

| Gasdicttie and 

| _ others : Unsatisfactory Unsatisfactory | 4:23 4:19 
Cain : . | Unsatisfactory | 0-021 0-059 | 4:26 4-06 
Wimmer. .| 813 | 686 | 0-053 | 0-071 | 628 | 4-80 
Jansen. | eee | Neg. 0 6-63 | 6-46 


ein of Table III. shows that the Mn/S ratio is the least 
satisfactory indication of the forging properties. A Mn/S ratio of 
3 is a rough indication that the sample will not be red-short. How- 
ever, red-short samples with Mn/S greater than 3 have been known 
and non-red-short samples with Mn/S less than 3 are relatively 
common. The correlation is not improved by choosing some ratio 
other than 3 for the dividing point. Criterion II. is satisfactory 
for only one group according to the interpretation that red-shortness 
is indicated by positive values. In some series a definite separation 
of samples is possible, but at higher limiting values than Jansen 
originally suggested. This modification extends the usefulness of 
Jansen’s rule, but it is still unsatisfactory for two series of samples. 
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Criterion III. is apparently a satisfactory basis for separating the 
samples of any one investigator. The difference in the limiting 
value for different investigators is due to differences in procedure 
between taking the liquid sample and testing for red-shortness. 
As a basis for this explanation a sample from a higher-carbon 
heat was investigated. An open-hearth sample poured into a 
rectangular box, from which it was removed as soon as solidified 
and forged with a sledge, was definitely red-short. Analysis showed 
0-23% of manganese, 0-031% of sulphur, and 0-104% of oxygen. 
Criterion III. is 6-3 for this sample. When this bar was taken to 
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Fic. 1.—Effect of Composition on Red-Shortness. 








the forge shop and tested in the usual manner, it was not red-short. 
This difference shows conclusively that, for a certain composition 
range, the method of treatment after solidification affects the red- 
shortness. 

If criterion III. is above 6-63 the sample is never red-short; if 
the value is below 3-30 the sample is always red-short; and if of 
an intermediate value, the forging behaviour depends on the heat- 
ing cycle after solidification. For any one heating practice criterion 
ITI. is a satisfactory means of relating the composition to the forging 
properties, but the limiting numerical value must be established 
for each practice. This information is summarised in Fig. 1. 
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The lower line (AB) is the dividing line for the testing procedure 
of the present investigation; the dotted portion represents com- 
positions outside the range actually studied; the upper line is the 
dividing line for Jansen’s testing procedure. 


THEORY OF RED-SHORTNESS. 


The relation between the total manganese, total sulphur and 
total oxygen based on direct experimental data suggests the cause 
of red-shortness and the mechanism of its prevention. 

Red-shortness is generally considered!” to be due to effects 
produced by sulphur when present in amounts greater than that 
which can be fixed as manganese sulphide, but this has not been 
definitely proved. This explanation does not require a statement 
of the mechanism of the cause. Red-shortness may be caused by a 
fluid film of iron sulphide at the grain boundaries, or it may be 
a phenomenon in y-iron analogous to blue-brittleness in «-iron. 
If the concentration of sulphur be below the limit of solubility of 
sulphur in y-iron there is no red-shortness, because no precipitation 
of iron sulphide is possible. Cain’s work suggests that this value is 
0-010% of sulphur, below which he found no red-shortness. 

The effect of oxygen on the solubility of carbon in austenite and 
ferrite 15 and on the solubility of sulphides“® has been previously 
reported. The study of red-shortness indicates that oxygen (as FeO 
and MnO) may decrease the solubility of iron sulphide to such an 
extent that precipitation is possible and therefore red-shortness is 
caused. The oxides present in samples taken from the open-hearth 
bath are FeO and MnO, of which FeO is present in larger amounts. 
FeO seems to have a larger effect on red-shortness than MnO. 
Samples necessary for evidence on this point which would have 
constant total oxygen and total manganese contents, but varying 
amounts of MnO, are difficult to obtain. 

The influence of manganese in preventing red-shortness may be 
understood by considering the equilibria between manganese, iron 
and sulphur, and between manganese, iron and oxygen, represented 
by the equations : 

Mn + FeS = MnS + Fe oye ye ast 26 eee 
Mn + FeO = MnO + Fe er ae Ye ee ka 


The manganese and also the iron term is the same in each reaction. 
The iron concentration is so great relative to the differences caused 
by the two reactions that it may be considered constant. 

In general anything that causes reaction (2) to go to the left 
will favour red-shortness. 

Red-shortness is absent when the FeS is below a certain concen- 
tration, the numerical value of which depends on the total oxygen. 
FeS may be kept below this limiting value by influences, such as 
high manganese concentration, which shift reaction (2) to the right. 
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Whiteley mentions that MnS is not a very stable combina- 
tion at bath temperatures. As the oxygen content of the steel 
increases, the proportion of the sulphur as MnS decreases. The 
view of Gregory,” based on thermochemical evidence, that 
sulphur exists as FeS in molten steel and is changed to MnS during 
the cooling after freezing is supported by the forging behaviour of 
border-line compositions. In discussion Whiteley suggests that the 
amount of manganese required to convert all of the sulphur to MnS 
depends on the rate of cooling down to about 900° C. Thus, in- 
dependent evidence confirms the theory that iron sulphide (and 
hence red-shortness) is influenced by the cooling conditions as well 
as by the composition. 

High FeO causes reaction (2) to proceed to the left, by forcing 
reaction (3) to the right. For a constant total oxygen the FeO 
and MnO concentrations are determined by the manganese con- 
centration through reaction (3). Thus, high FeO favours red- 
shortness in two ways, (1) by decreasing the solubility of FeS in 
y-iron, and (2) by the oxidation of the manganese. 


CONCLUSIONS. 


(1) The chief cause of red-shortness is sulphur, and a secondary 
cause is oxygen. The amount of manganese necessary to prevent 
red-shortness depends on the sulphur and oxygen and, for some 
compositions, on the cooling conditions previous to forging. 

(2) The ratio (Mn + 0-048)/(S + 0-13 O) is related to the forging 
behaviour. 

(3) If the sample is worked in the red-short range immediately 
after solidification, a ratio of 6-46 or over is necessary to prevent 
red-shortness. (A sample with a ratio of 6-46 was red-short, and 
with 6-63 was not. The behaviour at intermediate values is not 
established.) 

(4) If the ratio is below 3-30 the sample is red-short. 

(5) If the ratio is between 6-46 and 3-32, red-shortness can be 
prevented by cooling to room temperature after solidification and 
reheating above the red-short range before testing. 

(6) Observation of the forging characteristics may be used to 
supplement other studies of the nature of the sulphides in a sample. 
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THE COLD DEFORMATION AND RE- 

CRYSTALLISATION OF METAL CRYSTALS 

WITH PARTICULAR REFERENCE TO 
ALPHA-IRON.* 


By J. W. RODGERS, Pu.D., M.Sc. (IRONMONGERS CoMPANY RESEARCH 
FELLOW IN THE UNIVERSITY OF SHEFFIELD). 


(Figs. 5 to 17 = Plates V. to VIII.) 


SUMMARY. 


An X-ray examination of the recrystallising properties of single 
crystals and polycrystals of a-iron shows that the tendency of metal 
crystals to recrystallise after cold deformation is greater if the 
deformation takes the form of compressive strains, such as cold-rolling, 
than if it takes place in tension, A tentative theory is put forward 
in which the supposition is made that there are two types of plastic 
flow : 

(1) Easy flow along the normal glide directions, which does 
not appear to change the mechanical state of the metal 
to any great extent 

(2) Difficult flow, which takes place across the normal glide 
directions and causes a considerable rise in the internal 
energy of the metal; this is accompanied by an increased 
tendency to recrystallisation and a considerable increase 
in penetration hardness. 


It is suggested that tensile stresses promote easy flow and 
compressive stresses promote difficult flow. 

It is also shown that this theory fits in with certain experimental 
observations on the grain growth after cold deformation. 

Finally, some industrial cold-working processes are reviewed in 
the light of the theory, and suggestions are made as to their effect 
upon the work-hardening and recrystallising properties of metals. 


GENERAL REVIEW. 


THE starting point of an investigation into the mode of deformation 
of metal crystals is logically the single crystal—that is, the metal 
crystal unrestricted by the influence of neighbouring crystals. 
Much information about the deformation of metal crystals had 
already been obtained from a study of polycrystals before the first 
experiments were made on single crystals. This information was, 
however, confirmed and extended by subsequent research on single 
crystals. 

Various methods of producing crystals of considerable length 
from the molten metal have been tried, notably by Czochralski ‘” 


* Received June 1, 1938. . 
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and other workers, but they have only been successful in the case of 
low-melting-point metals such as zinc and tin. The method of 
producing a single crystal from a columnar chill crystal of 
higher-melting-point metals has been successful, but has been 
superseded by the easier method of straining and annealing. This was 
introduced by Carpenter and Elam for producing very large 
aluminium crystals, and developed by Edwards and Pfeil for the 
production of large crystals of «-iron. Recently attention has been 
drawn by Hoyt™ to the method of producing «-iron crystals by 
allowing the austenite change point to travel slowly along a bar of 
pure iron. 

The mechanical properties of metal single crystals are well known ; 
their exceedingly low hardness and tensile strength, negligible 
elastic range and huge tensile elongation are very surprising, con- 
sidering the behaviour of the same metal in the form of the poly- 
crystalline aggregate. 

On heating cold-worked polycrystalline metals, there is a 
critical temperature, depending upon the degree of cold deformation, 
below which recrystallisation will not occur even after prolonged 
heating. This temperature is known as the recrystallisation 
temperature. Increasing the degree of cold deformation lowers the 
recrystallisation temperature. For soft metals, such as lead and 
tin, this critical temperature is below room temperature, so that these 
metals are said to be self-annealing. 

When a single crystal of a normally ductile metal is cold-worked, 
it work-hardens to an extent which, though small compared with 
the work-hardening in the polycrystalline state, is yet appreciable. 
The mode of deformation of metal crystals, both in the single- and the 
poly-crystalline form, is by glide along certain crystallographically 
determined planes and directions. The surface markings corres- 
ponding to these glide planes, known then as slip bands, were first 
investigated by Ewing and Rosenhain. Glide takes place along 
these planes in more or less regular blocks, leaving apparently un- 
disturbed metal in between the planes of movement. That this is the 
case was proved by Rosenhain,’® who polished a plated section of a 
polyerystal which exhibited slip bands, and examined it under the 
microscope in a plane at right angles to the slip bands. They were 
seen to be steps on the surface, thus confirming the existence of block 
slip. 

The planes and directions of glide have been satisfactorily 
determined in the case of many face-centred cubic and hexagonal 
close-packed metals, but the position is very obscure with respect 
to the body-centred cubic metals, particularly «-iron. Several 
workers have investigated the glide planes and directions of «-iron, 
including Osmond and Cartaud,‘” Taylor and Elam,‘® Gough,” 
Pfeil, O’Neill,"” and Fahrenhorst and Schmid.2” These workers 
disagree as to whether there is any real crystallographic glide plane 
associated with the slip bands, although there is general agreement 
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that the direction of slip is the [111] direction. Generally speaking, 
the slip bands in material of large grain size and single crystals are 
straight lines (when they are formed on a plane surface), except 
near the boundaries, and are curved in the small-grained steels. 

For a review of the present position with respect to the experi- 
mental knowledge and theory of grain breakdown, reference should 
be made to “ The Distortion of Metal Crystals ’’ by Elam.“* 

There are two hypotheses in support of which there are theory 
and experimental evidence : 


(1) When a single crystal suffers any permanent deformation, 
bending (Biegegleitung‘®) or such disturbance of the lattice 
takes place which results in fragmentation, and the single 
crystal can be said to exist no longer. 

(2) When a single crystal has suffered a small permanent 
deformation, although there may be small regional displacements 
of the atoms from their original equilibrium positions, the metal 
is still, in effect, a single crystal and behaves as such. 


The experimental evidence in favour of the first hypothesis is 
chiefly physical. X-ray evidence shows that when a single crystal 
suffers a permanent deformation, the original sharply-defined 
reflection spots obtained in the Laue X-ray photograph become 
drawn out into radial streaks. This is the phenomenon of “ aster- 
ism,’ and experimental evidence indicates that the length of the 
streak is related to the degree of deformation. W. L. Bragg “® 
has shown how the length and breadth of these streaks are related to 
an approximately conical dispersion of the axes of the crystal 
fragments about the original orientation. 

Associated with the phenomenon which gives rise to asterism, the 
powder type of photograph employing monochromatic radiation 
furnishes reliable evidence of a breakdown of the crystalline structure. 
The back-reflection pin-hole photograph, a type of powder photo- 
graph using an unrotated block specimen, shows a blurring of the 
individual reflections associated with single grains, along the circum- 
ference of the reflection rings. This blurring is due to the frag- 
mentation and rotation of the individual grains. The effect is more 
difficult to show in the case of pin-hole photographs of deformed 
single crystals on account of the limited range over which reflections 
can take place, but nevertheless the same effect is observed. 

Further supporting evidence comes from observations on the 
nature of glide and its micrographical counterpart, the slip band. 
Mention has been made of Rosenhain’s observations on the nature of 
these bands. They have been proved to be the result of surfaces 
of slip between relatively undisturbed blocks. If a crystal is 
subjected to the smallest permanent tensile deformation possible, 
an area previously polished will exhibit slip bands at more or less 
regular intervals. The orientation of these slip bands in aluminium 
single crystals was studied by Taylor and Elam.1® The same is true 
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for polycrystalline metal, provided that the grain size is not too 
small. On increasing the degree of deformation further slip does 
not take place on these slips bands, nor does it occur adjacent to 
them, but takes place approximately midway between the original 
bands. Any increase in deformation results in the further sub- 
division of the blocks between the glide planes. Only when the 
metal is approaching the point of fracture do the existing slip 
bands begin to broaden. It is said that the broad slip band can 
be resolved into a fine structure of individual steps under favourable 
conditions of magnification. 

Consider the above description of the formation of slip bands 
in the light of the supposition that there is a disturbance of the 
lattice produced in the neighbourhood of the glide planes. Sub- 
sequent glide would take place at a point most remote from this dis- 
turbed region, that is, half-way between the first planes of movement. 
As the distance between the slip bands decreases further glide can 
only take place in planes which are progressively closer to the dis- 
turbed regions, and consequently a slight increase in the resistance 
to glide is produced. This explains the small increase in the true 
stress observed in extending single crystals. 

On cold-working polycrystalline metals, a slight decrease in the 
density is always observed.17 18 This must not be confused with 
the increase in density often observed on cold-working cast metals 
and which is due to the closing up of the pores in the coarse cast 
structure. Goetz and Hasler have observed that any imperfec- 
tion in bismuth crystals is accompanied by a decrease in density. 
Atomic faces are such that far greater stress is required to force two 
atoms, initially in equilibrium, a given distance closer together than 
is required to separate them by the same distance. It is for this 
reason that they are often represented as hard, impenetrable 
spheres held together by attractive forces. It would therefore be 
expected that any disturbance of the regularity of close-packed 
structures would be accompanied by a decrease in density. 

The slip-interference theory accounts for these experimental 
facts. The fragments produced are supposed to lock the glide 
planes, thus preventing, or restricting, further slip in those particular 

lanes. 

The experimental evidence in favour of the second hypothesis, 

that the metal remains substantially a single crystal after simple 

deformation, is mainly mechanical. In the first place, the very 

fact that the work-hardening of single crystals is negligible compared 

with that of the polycrystalline aggregate was put forward as 

evidence that single crystals retain their identity after deformation. 
This conclusion was not justified, as it has been shown above that 
the small amount of work-hardening of the crystals actually observed 
can be considered as evidence in favour of the first hypothesis. 

The most important experimental evidence in favour of the second 
hypothesis is the existence of after-elongation and double slip. 
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Certain metal crystals, notably zinc, after suffering the maximum 
amount of deformation along one set of glide planes, so that what was 
a cylindrical wire has become a thin ribbon, commence to deform 
along another set of glide planes at such an angle to the first that the 
ribbon is pulled out into a fine cylindrical thread again.” This 
implies that, though an extension of several hundred per cent. may 
have occurred during glide along the first set of planes, the crystal 
still possesses sufficient internal regularity parallel to the second glide 
direction for the glide planes to remain operative. The phenomenon 
is known as after-elongation, and is probably related to double 
slip, which occurs when single crystals of many face-centred cubic 
metals are subjected to a tensile strain. In a single crystal of the 
usual test-piece form, one set of glide planes will be most nearly 
coincident with the plane of maximum shear stress. Glide will 
take place in this set of planes, tending to bring them parallel to 
the axis of the test-piece, until the crystal is so rotated that a 
second set of glide planes is brought into approximate coincidence 
with a conjugate plane of maximum shear stress. Under these 
conditions glide may take place alternately or simultaneously on 
both sets of glide planes. 

Another view of double slip is the appearance under the microscope 
of intersecting slip bands. Though in general they appear in poly- 
crystals which have been cold-worked, and the stresses set up 
in this case are more complex, they represent an identical type of 
phenomenon. 

When single crystals or polycrystals of «-iron are subjected to 
shock, small deformations are caused the appearance of which under 
the microscope is knownas Neumann bands. They are said to be twins. 
Pfeil ‘°° has shown that these bands change their direction when a 
second set of bands intersects the first set, and he has also shown 
that the direction of this change is identical for the same family 
of intersecting bands. These facts are an indication that Neumann 
bands are genuine twins, but as evidence of the permanence of the 
crystal structure after deformation they must be accepted with 
reserve, since the formation of mechanical twins in metals with 
cubic symmetry is a debatable subject. 

Carpenter and Elam °2” described experiments in which a single- 
crystal test-piece of aluminium after being subjected to an extension 
of 5% did not recrystallise on annealing at 600° C., although X-ray 
photographs exhibited a certain amount of diffuse reflection associ- 
ated with grain breakdown. On extending the crystal another 5%, 
recrystallisation took place at 550° C. into the form of a single crystal 
again, but with an apparently unrelated orientation. A third 
extension produced the same result as the first—that is, no recrystal- 
lisation occurred after annealing at 600° C. A fourth extension 
of 5% caused the test-piece to recrystallise a second time in the form 
of a single crystal with unrelated orientation. Only after six exten- 
sions, of 5% each, did partial recrystallisation into a polycrystalline 
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form take place. It can be argued that although the single crystal 
after each deformation is ‘‘ distorted,’’ the relative orientation of the 
component parts is so little changed that “ recrystallisation ’’ merely 
cements these parts together again as a single crystal. The fact 
that the orientation of the new crystal is not related to that of the 
original crystal may possibly be due to the rotation of the component 
parts during extension. 

Many theories to account for the fact that deformed metals 
appear to retain their regularity as single crystals have been put 
forward. Taylor,” by considering the modification due to an 
applied stress of the atomic potential-energy curves at a “ disloca- 
tion’ in a metallic lattice, shows that glide may occur by atoms 
moving one by one into adjacent lattice positions, thus preserving 
the actual crystal regularity. 

It would appear that a knowledge of the recrystallising properties 
of deformed metals would throw considerable light on the difficulties 
of reconciling the two hypotheses quoted above. The process of 
recrystallisation is essentially a process of recovery after strains have 
been set up by cold-working ; or, more exactly, recrystallisation can 
only take place at fairly low temperatures by a release of internal 
energy. Internal energy in the past has been associated with hardness, 
and consequently with such phenomena as lattice distortion,‘? 
fragmentation and slip interference. 

Much work has been done on the recrystallisation of metals. 
Originally most of the information was obtained by micrographical 
methods, but since the advent of X-ray technique, new and very 
satisfactory methods are available. Many workers have investigated 
the preferential recrystallisation of metals. Goss‘ gives an 
account of recent work in this field. On annealing after severe 
cold-work or after the self-annealing which occurs immediately 
after hot-work, recrystallisation does not take the form of a single 
erystal, nor the form of randomly oriented small crystals, but 
certain orientations are more favoured than others and there are 
more grains with orientations approaching these than there are with 
others. This is particularly true where the cold- or hot-working 
is markedly directional, as in the case of rolling or wire-drawing. 


EXPERIMENTAL WoRK. 
The following experiments carried out throw some light on the 


problem of the cold deformation of metal crystals and their 
subsequent recrystallisation. 


Experiments on Single Crystals. 

Small single crystals were produced by the method employed 
by Edwards and Pfeil.® Mild-steel sheet, with about 0-15% of 
carbon, in the form of small tensometer test-pieces (Fig. 5), was given 
a preliminary heat treatment by decarburising in hydrogen for three 
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days at 900° C., after which it was heated up to 1000° C. and cooled 
fairly rapidly. The rate of cooling was comparable with that of the 
standard air normalising treatment. The carbon content after 
decarburising was found by analysis to be approximately 0-06%. 
The small test-pieces were given extensions in a Hounsfield tenso- 
meter (a small hand-operated tensile testing machine) ranging 
from 2-5 to 3-5% (the critical extension being about 3°), and were 
then annealed in a hydrogen-atmosphere furnace with a tempera- 
ture gradually rising from 400° to 880° C. In this way several 
single-crystal test-pieces were obtained. The outer polycrystalline 
layer was slowly etched away until the boundaries of the single 
crystal were clearly visible. 

Laue photographs were taken of each crystal in the undeformed 
condition and exhibited the usual elliptical arrangements of single 
spots. The single crystals were submitted to the following types 
of deformation : 

(1) Pure Hydrostatic Pressure.—This was carried out by immersing 
the crystal in a heavy oil in a cylinder with a close-fitting piston. 
The latter was compressed in a hydraulic testing machine. A 
pressure of 22-3 tons per sq. in. was obtained inside the cylinder. 
No change in the Laue pattern was observed. This is to be expected, 
since no bulk yield point has ever been observed in non-porous 
metals. 

(2) Compression between Parallel Plates —The single crystal was 
compressed between two parallel flat plates in the hydraulic testing 
machine. The advantage of this type of testing machine is that 
the load is maintained independently of any movement of the parts 
of the machine. A load of 3 tons per sq. in. produced a decrease 
in thickness of 5°, the original thickness of the crystal being 0-040 in. 
Fig. 6 shows the Laue photograph of the undeformed crystal; 
Fig. 7 illustrates the photograph of the crystal after deformation. 
On annealing the deformed crystal, it was found that complete 
recrystallisation had occurred at 600° C. (Fig. 8), as shown by the 
large number of small spots. 

(3a) Another single crystal was deformed in tension by exten- 
sion to fracture in the tensometer. On annealing at temperatures 
each rising by 50° above the previous temperature, no signs of 
recrystallisation could be detected up to 870° C. (Fig. 9), except at 
the extreme tip of the fracture; here the degree of deformation was 
so great, and the flow so much more complex than in the rest of the 
test-piece, that recrystallisation was judged to have commenced at 
870°:C. The fact that with this exception no recrystallisation had 
taken place seemed so unusual that the experiment was repeated 
with several other crystals, these being extended just short of frac- 
ture. In every case no recrystallisation occurred. 

(3b) In further tests a double-crystal specimen, with the bound- 
ary between the two grains near the centre of the parallel portion 
of the test-piece, was deformed in tension. Laue photographs 
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showed that a small, though definite, amount of recrystallisation 
had occurred near the boundary after being annealed at a tempera- 
ture of 750° C. (Fig. 10). Since the flow in the neighbourhood of the 
boundaries of a single crystal is subject to constraint on cold deforma- 
tion in a similar manner to that of the boundary regions of grains 
in a polycrystalline aggregate, it is to be expected that the recrystal- 
lisation of the boundary region in single crystals will approximate 
more closely to that of the polycrystalline metal rather than to that 
of the free portion of the single crystal. 


Experiments on Mild-Steel Polycrystalline Strip. 


In view of the very different results obtained on the recrystallisa- 
tion of single crystals deformed in compression and tension, it was 
decided to investigate whether there was any similar difference when 
polycrystalline iron was subjected to compressive and _ tensile 
deformations. The material used in these experiments was a dead 
mild steel with a carbon content of 0-:08%. This steel was available 
in strip form, though the carbon content differed from that of the 
decarburised single crystals. It is considered that a difference of 
002% would hardly affect any comparison made between the two 
sets of results. 

The strip, 0-064 in. in thickness, was cut up into the form of a 
large tensile test-piece (standard 8-in. gauge-length) and given a 
certain extension. A similar piece of the same strip was reduced in 
thickness by cold-rolling. The reduction in area of the test-piece 
was 17-6% as against 17:2% for the cold-rolled piece. Small 
sections, approximately 1 in. square, were sawn from each test 
sample and annealed at temperatures rising by intervals of 50° 
from 200° to 500° C., and at the following temperatures: 525°, 
550°, 575°, 600°, 700°, 800°, 880° and 920° C. Annealing was carried 
out in a hydrogen reducing atmosphere. Attention should be 
directed here to the fact that previous experiments have shown that 
sawing does not produce widespread lattice disturbance in very soft 
metal sheet as does the use of hand shears. It is quite safe to assume 
that there was no effect due to sawing at the centre of the 1-in. 
sections. 

Between each annealing the strips were photographed by the 
back-reflection pin-hole method. In the cold-worked condition 
both strips exhibited a diffuse doublet (220) ring, indicating that a 
certain amount of lattice distortion and consequently internal 
stresses were present. On raising the annealing temperature, no 
change was visible until a temperature of 450° C. was reached, when 
the doublet nature of the ring became clearer in both cases. At 
500° C. the doublet was completely resolved into two rings in each 
case, indicating the disappearance of lattice distortion and the release 
of all but residual stresses. The diffuse doublet obtained in the 
photographs of the cold-worked specimens has been referred to. 
It must be borne in mind that for the moderate reduction of 17% 
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and owing to the initially very soft nature of the material, the term 
diffuse is only relative and nowhere did the doublets approach the 
very diffuse rings obtained with heavy reductions of higher-carbon 
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Fic. 2.—Microphotometer Curve of Extended Strip. 


steels. The difference between the diffuse and the resolved doublets 
is apparent on the film, but, as is often the case, these films do not 
reproduce very clearly. Instead, therefore, photographic density 
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Fig, 3.—Microphotometer Curve of Rolled Strip after Annealing at 500° C. 
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Fic. 4.—Microphotometer Curve of Extended Strip after Annealing at 
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curves taken with a Hilger microphotometer are given. These 
show very clearly the two peaks well resolved in the case of the sharp 
doublets, but reveal a spread in the case of the diffuse doublets, 
masking the separate nature of the peaks. Figs. 1 and 2 show, 
respectively, the curves of the rolled and extended strip; Figs. 3 
and 4 refer, respectively, to the rolled and extended strip after 
annealing at 500° C. In the latter figures, the slit system and film 
distance were not capable of giving complete geometrical resolution 
of the two rings. On annealing at 550° C. the first signs of recrystal- 
lisation were visible for the strip which had been rolled (Fig. 11), 
but no signs were visible for the strip which had been extended until 
an annealing temperature of 575° C. was reached. At this tempera- 
ture the recrystallisation of the rolled strip was well under way 
(Fig. 12 rolled, Fig. 13 extended). 

At 600° C. recrystallisation in both strips was well advanced, 
but there was still a considerable amount of unrecrystallised metal, 
as was revealed by a general background doublet ring (Fig. 14 rolled, 
Fig. 15 extended). Complete recrystallisation occurred at 800° C., 
as shown by the background rings splitting up into minute spots 
(Fig. 16 rolled, Fig. 17 extended). At 920° C. the metal had been 
above the austenite change point, and the spots, very much reduced 
in number and much more intense, had taken on the peculiar streaky 
appearance associated with the normalised structure. 

From these experiments it can be inferred that the increased 
tendency to recrystallisation observed in single crystals which have 
suffered deformation in compression in contrast with those which 
have been deformed in tension is also observed when the metal is 
in the form of a polycrystalline aggregate, though to a very much 
smaller degree. 

The fact is also emphasised that it is not sufficient to examine 
the X-ray photograph for signs of incipient recrystallisation only. 
It is very unlikely that the deformation of a polycrystalline aggre- 
gate will produce uniform cold-working throughout the metal. 
Some parts of the mass will recrystallise more easily than others, 
that is to say, ata lower temperature. Figs. 14and 15 show that the 
spots due to the recrystallised grains are superimposed upon a 
background ring due to the unrecrystallised metal. The latter has 
the much higher recrystallisation temperature of 800° C. (Figs. 16 
and 17). 


DIscussION OF RESULTS. 


It is almost impossible, in view of the contradictions, dis- 
agreements and reservations with which the subject is surrounded, 
to develop a theory of plastic flow and recrystallisation directly 
from the experimental facts. A much more satisfactory procedure 
is to put forward a tentative theory and test it by experiment. 

Two fundamental suppositions are made. The first is that 
ductile metals can be deformed with very little difficulty along 
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certain crystallographic planes and directions, and with greater 
difficulty along other directions. 

Generally speaking, glide in cubic single crystals will take place 
along the easy directions, no matter in what direction the shear 
stress is applied. The force required in any direction, such that its 
component along a glide direction will overcome the initial resistance 
to flow, has been expressed in the form of a flow-liability model 
by Schmid.?° In the case of zinc, however, glide takes place along 
directions other than those in the basal plane which constitutes the 
normal glide plane. Glide in fixed crystals such as constitute a 
polycrystalline aggregate, or at the boundaries of a single crystal, 
cannot be entirely along the easy-glide directions and some must take 
place across these directions. Difficult glide, therefore, is not 
merely a condition in which the component of the force must be 
sufficient to initiate glide along an easy direction, but must involve 
flow along crystallographic directions which offer more resistance 
to that movement. 

If the number of directions in which a crystal can be deformed 
is limited, under normal glide conditions, changes in the direction 
of the geometrical axis of the crystal will take place, and rotation 
of the crystal will occur, in order to bring the geometrical axis 
into coincidence with the direction of the applied stress. This has 
been pointed out by Polanyi.*® Thus, if a crystal is free to rotate, 
glide will in general take place along the easy directions, but if the 
crystal or parts of the crystal are not free to rotate, glide must 
take place to a certain extent along other than the easy directions. 
The latter condition will arise at the boundaries of single crystals 
in the form of test-pieces and at the boundaries of grains in the 
polycrystalline aggregate. 

The second supposition is that, considering the same metal in 
each case, where flow takes place in directions of easy glide, the 
metal acquires little or no increase in internal energy, but where 
flow occurs in directions of difficult glide, the metal acquires an 
increase in internal energy, which is dependent upon the amount 
and direction of flow. This increase in internal energy is a measure 
of the amount of disturbance of the lattice structure produced, and 
is related to the increased tendency to recrystallisation and the 
increase in indentation hardness. Hence it follows that in regions 
where easy glide takes place, little increase in hardness will result, 
and the metal will only recrystallise at temperatures considerably 
higher than the lowest recrystallisation temperature observed. On 
the other hand, in regions where flow has taken place under difficult 
conditions of glide, the hardness will be considerably higher after 
deformation, and recrystallisation will take place at a correspondingly 
lower temperature. 

The properties of the single-crystal tensile test-piece as a whole 
appear to be those of the free portion of the crystal, with high 
ductility and low maximum stress ; the recrystallisation temperature 
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is comparatively high. X-ray photographs show, however, that 
the recrystallisation temperature of the fixed boundaries of the 
crystal is lower than that of the free portion (see “‘ Experiments on 
Single Crystals,’ par. 3b above) (Fig. 10). It can therefore be 
reasonably assumed that the ductility and tensile strength of these 
regions are lower and higher respectively than those of the free 
portion. 

If the single crystal is compressed between two parallel surfaces 
as described previously, very little rotation to accommodate glide 
in the normal glide planes can happen, and any deformation which 
takes place must usually occur in directions of difficult flow. The 
recrystallisation temperature of the whole crystal is therefore 
low. 

When a polycrystalline metal is deformed, it matters little 
whether the deformation takes place in tension or in compression ; 
certain regions will be deformed in directions of difficult glide. 
On the average, the boundary region of each grain will be deformed 
least easily. Micro-examination of deformed polycrystalline metals 
shows that the grains rotate as a whole in the centre portions, 
leaving what was, prior to deformation, a plane surface, now a 
series of approximately plane surfaces deviating slightly from a 
common parallelism. Complicated flow can be seen to have taken 
place near the grain boundaries, and slip bands often appear to be 
curved near the boundaries in coarse-grained metal. Finer-grained 
metals which possess a greater amount of ‘“ boundary material ”’ 
will on the whole be more difficult to deform, though the increase 
in internal energy and hardness will be greater than in a coarse- 
grained metal similarly deformed. This also explains why it is so 
difficult to refine the grain of very large-grained metals, particularly 
iron, by annealing after cold-work of a tensile character. 

It has been known for some time that the recrystallisation of 
cold-worked coarsely crystalline metals commences in the grain 
boundaries.2” The recrystallisation temperature is lowest in 
these regions of most difficult flow. 

The occurrence of small crystals on the surface of single crystals 
produced by straining and annealing is also explained. In the 
interior of the metal, the distribution and degree of cold-work is 
such that the metal has just sufficient internal energy to recrystallise, 
but there is one centre which recrystallises first and this acts as a 
nucleus for the recrystallisation of the rest of the metal. An 
exception must be made, however, of those grains lying in the surface. 
As has been described previously, these grains frequently rotate 
about an axis parallel to the surface. Hence they deform under 
less constraint than the grains in the interior of the metal. It 
follows, therefore, that the recrystallising properties of these surface 
grains will be different from those of the interior grains; but, since 
the interior grains are in such a state of deformation that growth 
into a single crystal can occur, it follows that the surface grains will 
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not take part in this growth. Although there is no direct evidence 
on the subject, it is possible that the surface grains have suffered 
less than the critical deformation. This follows from the proba- 
bility that flow has been relatively unconstrained and therefore 
easy. In that case the surface grains will not have undergone 
any recrystallisation and will be still in the practically cold-worked 
condition, though considerable release of internal stresses which 
precedes recrystallisation will have taken place. 


General Review of the Theory. 


It has been assumed in the foregoing discussion that there is a 
sharp distinction between directions of easy glide and all other 
directions. This is true for many ductile metals, but, unfortunately, 
it does not seem to be so for the body-centred cubic metals, of which 
«-iron is the most important. The confusion of opinion with respect 
to the glide plane of «-iron has been mentioned. Taylor and Elam ‘® 
go so far as to suggest that there is no glide plane, but only a glide 
direction, [111]. They illustrate the behaviour of «-iron by likening 
its deformation to that of a bundle of parallel rods, 7.e., along 
favoured directions, rather than that of a pack of cards gliding in a 
plane. Microscopic evidence, however, shows well-defined slip 
bands, which though wavy are as much mutually parallel as the slip 
bands of many metals having much better-defined glide planes. 
The wavy nature of the slip bands seems to be of the nature of the 
“parallel faulting ’’ of geological observation—that is, parallel 
bands, progressively displaced a small distance from each other, 
so that where one band ends, another parallel band makes its appear- 
ance with its position slightly displaced to one side. 

On the first review of the experimental results obtained on the 
deformation of «-iron crystals, the author was tempted to assign 
a more fundamental importance to flow under compressive stresses 
and its influence upon the increase in internal energy. At a later 
stage this idea was abandoned for the more straightforward con- 
ception of easy and difficult directions of flow. Yet a doubt still 
persists that the complete rejection of the former hypothesis was 
justified. It has been shown that the recrystallisation temperature 
is lowered a small amount when polycrystalline strip is given a certain 
reduction in area by rolling instead of a tensile pull. It is true that 
the two types of cold-working are not strictly comparable, though 
the reduction in area is the same in each case; also that there is a 
possibility of the grains being less free to rotate during rolling than 
during a tensile deformation. Nevertheless, it is difficult to avoid 
the possibility of the effect of flow during a compression of the metal 
upon the increase in internal energy. The idea is in accordance 
with the large internal energy which would follow on small com- 
pressions of the atoms. 

Finally, it must be emphasised that the conception of easy and 
difficult flow is not new. It is implicit in the anisotropic properties 








PLATE V. 





Fic. 5.—Tensometer Test-Piece etched to show boundaries of 
single crystal. Total length 1} in. 





Fic. 6.—Laue Photograph of Single Crystal. Fic. 7.—Laue Photograph of Single Crystal after 
5% compression, showing asterism. 
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Fic. 8.—Laue Photograph of Compressed Single 
Crystal, showing small spots due to recrystal- 
lisation at 600° C, 
I 





Fic. 9.—Laue Photograph of Extended Single Fic. 10.—Laue Photograph showing Incipient 
Crystal, showing absence of recrystallisation Recrystallisation at Boundary of Single Crystal. { 
after annealing at 870° C. Annealed at 750° C. 


Rodgers. 


PLATE VII, 





Fic. 12.—Pin-Hole Photograph of Rolled Strip 
Annealed at 575° C., showing progress of re- 
crystallisation. 


Fic. 11.—Pin-Hole Photograph of Rolled Strip 
Annealed at 550° C., showing spots due to in- 
cipient recrystallisation. 





Fic. 13.—Pin-Hole Photograph of Extended Strip Fic. 14.—Pin-Hole Photograph of Rolled Strip 
Annealed at 575° C., showing commencement of Annealed at 600° C., showing background due 


recrystallisation. to unrecrystallised metal. 


Rodgers. 
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Fic. 15.—Pin-Hole Photograph of Extended Strip Fic. 16.—Pin-Hole Photograph of Rolled Strip ; 
Annealed at 6)0° C., showing background due Annealed at 800° C., showing recrystallisation 
to unrecrystallised metal of remaining metal. 
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Fic. 17.—-Pin-Hole Photograph of Extended Strip 
Annealed at 800° C., showing recrystallisation 
of remaining metal. 
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of single metal crystals. In particular, the work of Edwards and 
Pfeil in 1924 indicated that the recrystallising properties of iron 
at the boundaries differed from those in the interior of the crystals, 
and suggested a similar theory to that which is put forward here, 
to account for the formation of single crystals. 


INDUSTRIAL SIGNIFICANCE OF THE RESULTS. 


It is the duty of those engaged in applied, as distinct from pure, 
scientific research to make some attempt to interpret their results 
and theories in the light of their industrial significance. As a final 
summary the author outlines the conclusions to which this investi- 
gation has led him and attempts to review a few industrial processes 
in the light of these conclusions. The review is not intended to be 
exhaustive, but to serve to indicate the possibilities to those interested 
in similar industrial problems. 


Conclusions. 


The investigation has shown that certain aspects of the behaviour 
of cold-worked ductile metals can be explained by postulating the 
existence of the two types of plastic flow : 


(1) Easy flow along the natural glide directions does not 
appear to change the mechanical state of the metal to any great 
extent. 

(2) Difficult flow takes place across the natural glide direc- 
tions and causes a considerable rise in the internal energy of 
the metal. This is accompanied by an increased tendency to 
recrystallisation and a considerable increase in penetration 
hardness. 


The deciding factor as to whether any particular part of the metal 
will be deformed under conditions of easy or difficult flow depends 
upon the degree of constraint of the individual grains. There is a 
tendency for tensile stresses to promote easy flow and compressive 
to promote difficult flow. It follows therefore that : 


(1) Deformations involving predominantly tensile stresses 
will cause the least mechanical change in the material. 

(2) Deformations involving predominantly compressive 
stresses will cause the greatest mechanical changes, such as 
tendency to recrystallisation and increase in hardness. 


Industrial Applications. 

The importance of a consideration of all those industrial processes 
involving the cold-working of metals in the light of the above con- 
clusions will be seen at once. Those processes involving a pure 
tension, such as straightening and stretching, will tend to prevent 
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any great increase in hardness. Thus, stretching prior to pressing 
in order to prevent the formation of stretcher-strains would appear 
to be a better method than the pinch rolling pass. On the other 
hand, if annealing is to be carried out after straightening, difficulty 
may be experienced in obtaining the correct grain structure, unless 
the metal has been heavily cold-worked. This difficulty should 
apply particularly to straightening after hot-rolling in which the 
finishing temperature is well below the austenite change point. 

An interesting confirmation of the importance of avoiding com- 
pressive stresses of any magnitude during cold-working where an 
increase in hardness would be detrimental is the use of the Budd- 
McKay roller leveller.2® This machine is used for the prevention 
of stretcher-strains, and consists of an arrangement of rollers so 
placed as to give the strip a considerable bend and straighten it out 
again without producing any large compressive stresses. It is 
alleged that the increase in hardness is negligible, although the 
author is unable to quote actual figures to prove the truth of this 
assertion. 

Cold-rolling would appear to cause the greatest increase in hard- 
ness, since the deforming stresses are almost entirely compressive. 
The stresses set up in wire-drawing are somewhat offset by the 
tension required to pull the metal through the die. In wire-draw- 
ing, however, the frictional forces must be taken into account. 
There is no doubt that these two methods of cold deformation can 
be made to produce considerable work-hardening. In recent years 
attempts have been made to modify the cold-working processes by 
introducing back tensions. This is done in certain rolling processes, 
though the Steckel process uses tension to pull the strip through the 
rolls. There have also been some suggestions for drawing wires 
with a back tension. Hardness figures for mild steel which has 
been cold-worked by these processes would prove very interesting 
in the light of the suggestions made in this paper. 
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THE MANUFACTURE OF SEAMLESS STEEL 
PIPE IN THE PLANTS OF THE NATIONAL 
TUBE COMPANY: 


By EDWIN C. WRIGHT ann STEVENSON FINDLATER 
(PittspuRGH, Pa., U.S.A.). 


ABSTRACT. 


This paper contains a short history of the National Tube Company, 
a subsidiary of the United States Steel Corporation, with particular 
reference to the growth of the seamless tube process, which now 
represents 60% of the company’s production. The history of the 
development of the seamless process for making pipe and the steps 
in the manufacture of seamless pipe from iron ore to the finished 
product are recounted, with a detailed description of the operations 
involved in making the seamless tube from solid sections. 


HISTORICAL INTRODUCTION. 


THE National Tube Company, a subsidiary of the United States 
Steel Corporation, originated in 1868 in a little shop, 20 ft. x 125 ft., 
in Boston, Massachusetts, for the manufacture of welded wrought- 
iron pipe. In 1888 the first welded steel pipe was made from 
Bessemer steel, which had then been recently introduced. Since 
its organisation, the company has steadily grown, until to-day its 
plants have a combined annual capacity of about 2,400,000 tons 
of welded and seamless pipe. 

What seems to be the first attempt to make seamless tubes 
appears in 1837 under the English patent of Hanson. This pro- 
vided a thick, short cylinder of cast steel, which was raised to a 
very high temperature and placed in a matrix; by means of a 
hydraulic ram, the metal was then squeezed through a small orifice 
around a punch. Similar processes were again patented in England 
in 1867 and in 1882. During this same period, seamless tubes were 
also made by the boring of solid bars followed by a cold-drawing 
operation, but this process was necessarily slow and expensive. 

One of the first attempted processes, whilst not satisfactory for 
small tubes, has since been successfully developed for tubes larger 
than 5 in. in outside dia. This is the “‘ cupping” process, which 
consists in pressing a cup from a flat plate or disc and progressively 
elongating it into a tube by decreasing the diameter while it passes 
through a series of reducing dies. This method is still practised in 
the manufacture of tubes from 9} in. to 20 in. in dia. and is also 
practicable for tubes as small as 5} in. in dia. 

1 Received June 23, 1938. 
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All of these early processes had their limitations. In making 
seamless steel tubes from cast cylinders it was found that the material 
was often heterogeneous and developed numerous defects while 
being drawn. Furthermore, the cast shells were not uniform in 
hardness and structure. The drilled bars were much too costly, 
and the cupped plates did not permit the manufacture of tubes in 
all desired commercial sizes. 

In the decade preceding the twentieth century the bicycle 
became a very popular vehicle, and the growth of the bicycle in- 
dustry created a demand for high-class seamless tubes in very large 
quantities. The early methods of seamless tube manufacture were 
slow and tedious, and orders aggregating millions of feet of tubing 
for bicycle construction could not be filled. In 1895 the first 
American seamless tube plant, using rotary piercing, was constructed 
in Ellwood City, Pennsylvania, and operated successfully for many 
years in the manufacture of bicycle tubing. The equipment at this 
plant consisted of a Stiefel disc piercer, a Pilger rolling mill, and 
cold-drawing benches on which the tubes were finished. 

After 1900 the automotive industry began to grow and had 
a remarkable influence on the seamless tube industry. In the first 
place, the popularity of the automobile soon caused a great decrease 
in the manufacture of bicycles, with a consequent loss of seamless 
tube business. On the other hand, the great increase in the use 
of automobiles created an immense demand for gasoline (petrol), 
which greatly stimulated the oil industry and thus developed a new 
and enormous market for seamless tubes. In the transition period 
the seamless tube manufacturer turned to the boiler industry, and 
the next step in the development of the seamless process related 
to the production of all forms of stationary and locomotive boiler 
tubes. The seamless tube soon displaced the wrought-iron and 
lap-welded steel tubes which had previously been standard in 
boilers. 

After the World War the discovery of enormous oil pools with 
flush production created a demand for pipe to be used in the wells 
and in transmission lines. The later discovery, after 1920, of huge 
natural-gas reservoirs in remote districts, from which the gas could 
only be transported to consuming markets in steel pipe-lines some- 
times over 1000 miles long, resulted in another large market for 
seamless pipe. Some idea of the size of the oil and gas industry 
in the United States may be gained from the fact that there are over 
300,000 producing oil wells and over 400,000 miles of pipe-lines in 
existence. 

The seamless tube mills prior to 1920 were hardly capable of 
making pipe over 6 in. in dia. and not longer than 25 ft. In 1925 
the National Tube Company developed the so-called ‘ double- 
piercing ”’ process, which consisted of piercing a heavy-walled shell 
and then expanding this in a second piercing operation to a larger- 
diameter tube with a lighter wall. This development made possible 
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the production of tubes up to 16 in. india. The Pilger process had 
also reached a production stage at this time, but a thorough study 
of this method caused its rejection for American manufacturing 
conditions because of the low production per man-hour. Further 
study of the “double piercing and expanding’’ process later led 
to the rotary rolling process, by which it is now possible to produce 
seamless tubes up to 28 in. in dia. and in lengths exceeding 40 ft. 


ScoPpE AND REQUIREMENTS OF SEAMLESS TUBE PRODUCTS. 


The expansion of the seamless tube industry described above 
was also greatly influenced by the adaptation of the piercing process 
to the many different types of steels which were developed during 
this period. Steels melted by many procedures can now be suc- 
cessfully converted into seamless tubes. In general, killed open- 
hearth and electric-furnace steels are preferred, but satisfactory 
tubing has been made from capped open-hearth steels when melted 
under certain prescribed conditions. 

Because of the severity of the forging operation involved in 
piercing, the steels used for seamless tubes must have good charac- 
teristics with respect to both surface and internal soundness. The 
character of the steel as revealed by deep-etching the cross-section 
tends to show that a sound, dense cross-section, free from centre 
porosity or ingot pattern, is more satisfactory for seamless tubes. 
For this reason steels of the thoroughly killed type are to be preferred 
to strongly rimming steels or semi-killed steels. Although rimming 
steels and semi-killed steels have been successfully converted into 
seamless tubes, the results are not always uniform, either because 
of a poor inside surface, due to internal porosity, or because of high 
losses from external seams, caused by surface defects. Metal- 
lurgical developments in the past twenty years have contributed 
greatly to the improvement of steels for seamless tubes and are 
discussed in detail in another section of this paper. 

As a result, the seamless process has been extended to include 
practically all of the regular and alloy grades of steel. At the present 
time all of the ordinary carbon steels, even those containing as much 
as 14% of carbon, are processed in commercial quantities. Many 
of the high-sulphur steels developed for machining are also manu- 
factured into seamless tubing. 

All of the intermediate alloy steels, such as those listed in the 
specifications of the Society of Automotive Engineers, are available 
in tubing. This has extended the application of seamless tubing 
to automotive parts until there is now between 150 and 200 lb. 
of tubing in each car manufactured. The alloy steels used by the 
ball- and roller-bearing industry are now available in seamless 
tubing. This tubing is made from steel of special cleanliness, 
which must respond to the most exacting machining and heat- 
treating practices. The use of tubing in the manufacture of ball- 
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and roller-bearing races is gradually supplanting upset bars and 
plates which were formerly employed. 

In the last twenty years, numerous steels of special composition 
for heat and corrosion resistance have been developed. Seamless 
tubes are now satisfactorily made from material of most of these 
analyses. These include the chromium steels containing from 1 to 
30% of chromium and also numerous chromium alloys with additions 
of such elements as molybdenum, nickel, manganese, columbium 
(niobium), silicon, and titanium. In general, it can be stated that 
all of the alloys which are ferritic or pearlitic in structure are satis- 
factory for piercing. The alloy steels which are generally of the 
austenitic type can be successfully pierced if the austenite remains 
stable at forging temperatures. A few of the austenitic steels 
which have a considerable proportion of ferrite at forging tempera- 
tures have not, as yet, been satisfactorily pierced. For example, 
an alloy such as the 25%-chromium/10%-nickel, which is partially 
ferritic, will not pierce, whereas an alloy with 25% of chromium 
and 20% of nickel can be pierced satisfactorily. 

Seamless pipe of numerous special properties has been developed 
to meet the needs of the oilindustry. In this field the pipe employed 
for rotary drilling must possess great torsional strength and high 
resistance to fatigue stresses. An idea of the terrific stresses to 
which the pipe is exposed in drilling service may be gained from 
the realisation that the power for the rotation of the drill bit on 
the lower end of the pipe is applied at the upper extremity, which, 
in extreme cases, may be three miles distant. The string of drill 
pipe itself may weigh up to 300,000 lb., and when rotating at 200 
r.p.m. or more only material of the highest strength and toughness 
will perform satisfactorily. Drill pipe is usually made with heavy 
upset ends, and the full lengths of pipe are completely normalised 
on the completion of the forging operations. 

The casing for such deep oil wells requires seamless pipe having 
a high resistance to collapse to withstand the high external pressures 
which exist. Casing has been set as deep as 13,000 ft. under enor- 
mous hydrostatic heads. Other classes of special seamless pipe 
made for the oil industry include oil-well tubing, pump tubing, and 
line pipe. 

The expansion of the oil-refining, chemical, and high-pressure- 
steam industries has also demanded special seamless pipe. Satis- 
factory alloy-steel tubing and pipe are made to withstand tempera- 
tures up to 1200° F. coincident with pressures as high as 3000 lb. 
These industries also use high-pressure pipe-lines at temperatures 
as low as — 150° F., and steel pipe which is tough and strong at 
these low temperatures is now produced in considerable quantities. 

The National Tube Company, through its affiliated companies 
in the United States Steel Corporation, represents a completely 
integrated unit with full control of all the basic raw materials which 
enter into the tubular products made in the plants. A condensed 
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résumé of the preparation of the raw materials and the manufacture 
of seamless tubes follows. 


ORE SUPPLY. 


Iron ore, generally hematite, is secured from strip mines of the 
Mesabi Range in the Lake Superior district and also from shaft 
mines in the same area. ‘These mines are operated by a subsidiary 
of the United States Steel Corporation. The ore is carried by rail 
to company-owned docks on Lake Superior, where it is graded and 
bunkered for loading into vessels. Specially designed lake steamers, 
operated by a subsidiary of the United States Steel Corporation, 
carry the ore through the Lakes to ports on Lake Erie. The record 
time for loading one of these steamers is 163 min. for a 12,507-ton 
cargo. At destination, unloading machines lift the ore from the 
vessels and dump it into hoppers, from which it can be transferred 
to stock piles or loaded into cars for delivery to the blast-furnaces. 
The average time consumed in unloading a 12,500-gross-ton cargo 
of ore from a vessel is about 3 hr. 30 min. 


Fue. SuppPuiy. 


Coals from the Pocahontas field of southern West Virginia and 
from the Connellsville field of Western Pennsylvania are used for 
charging by-product coke-ovens. Tar and gas, secured from the 
coking operation, are used as fuel in heating and melting furnaces. 
Blast-furnace gas is utilised in the blast-furnace stoves and under 
steam boilers for power and process steam. The by-product fuels 
are supplemented by fuel oil, natural gas, and coal, the latter being 
used almost exclusively under the boilers. Producer gas has been 
largely supplanted by the other fuels mentioned. 


BLaAst-FURNACES. 


The blast-furnaces are of American design, consisting of nine 
units varying in capacity from 600 to 850 tons per day. The auxili- 
ary blast-furnace-plant equipment incorporates the latest features 
in design conducive to maintaining production rates and insuring 
a uniform quality of the pig iron. The ores charged average 50- 
55% of iron, and, while blended to produce the desired analysis, 
are of such quality as to require no concentration or sintering. On 
a straight iron-ore burden about 1-8 tons of ore are required per 
ton of pig iron. The by-product coke consumption varies between 
1800 and 2000 lb. per ton of pig iron, depending upon the blast- 
furnace burden. The flux used is a crushed and sized limestone, 
supplemented by dolomite when a hard slag is produced for sale. 

The pig iron produced is of three grades: Basic, for stationary 
open-hearth furnaces; Bessemer, for Bessemer steel products such 
as skelp; and blowing iron for blowing in the Bessemer converter 
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for tilting open-hearth furnace charges. The specifications for 
basic iron are : 0-90-1-30% of silicon, 0-04°% max. of sulphur, 0-175% 
max. of phosphorus, and 1-75°% of manganese. The Bessemer iron 
is made to 1-25% of silicon, 0-059, max. of sulphur, 0-10% max. 
of phosphorus, and 0-80% of manganese. Blowing iron has the 
same composition as the basic iron except for a preferred 
manganese of 0-50%,. 


STEELMAKING PRACTICES. 


As indicated previously, the steel for seamless tubes must be 
made with special forging properties. The major portion of the 
tonnage used consists of straight carbon steels, ranging from 0-05% 
to 0-50% of carbon and 0-35 to 1-50°% of manganese. These grades 
are made in twelve standard, stationary open-hearth furnaces and 
three special tilting open-hearth furnaces employing the duplex 
melting process. Many of the special alloy steels are necessarily 
melted in basic electric furnaces to obtain the particular metallurgical 
requirements which are often specified. The open-hearth furnaces 
tap between 130 and 160 gross tons and are of the mixed-fuel type, 
burning tar or oil and coke-oven or natural gas. 

The stationary open-hearth furnaces are operated on approxi- 
mately a 50% cold-scrap, 50% hot-metal charge, while the tilting 
furnaces are charged with a mixture of blown metal from the 
Bessemer converter and the requisite amount of molten pig iron 
with varying additions of cold steel scrap, depending upon the 
conditions at the plant. Regardless of the initial charge in either 
the stationary open-hearth or the duplex melting furnace, the slags 
employed and the final working and refining periods in the two 
types of furnaces are identical. 

It is necessary that seamless tube steel be melted under the most 
careful control and that the refining and deoxidation practices be 
carefully supervised on each individual heat. All manganese and 
alloy additions are made in the furnace. Heats tapping with more 
than 0-20% of carbon are ‘“‘ caught coming down,” thus avoiding 
excessive oxidation of the steel bath. Silicon aluminium and other 
deoxidisers are added in the ladle, the quantities being carefully 
regulated for each heat to produce a fully killed steel at this point. 
Metallurgically-trained men aid in preparing the open-hearth slags, 
so that the type of slag required is obtained for the particular steel 
being melted. Slag tests and bath chemical tests for carbon and 
oxygen are made during the refining period by the use of such 
instruments as the carbometer and the turbidimeter recently 
developed for the rapid and accurate determination of these ele- 
ments. By such supervision, steels for controlled grain size, special 
heat-treating practices, of enhanced dynamic toughness at low 
temperatures, of special cleanliness and with exceptionally high 
physical properties are regularly produced. 
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Since the surface quality of the steel for seamless pipe is of the 
utmost importance, all moulds are thoroughly cleaned, hot-dipped, 
and sprayed on the inside surface with oil or tar before the steel is 
teemed. The ingots used are of corrugated contour and range in 
weight from 6000 to 19,000 lb. Various forms of hot-tops are used 
for special requirements. 


RotimG MIs. 


The rolling mills consist of blooming mills, bar mills and 
skelp mills. The practice employed at the rolling mills in 
preparing the semi-finished round used in producing seamless 
pipe has a definite influence on the quality of the finished product. 
The time elapsing between pouring of the ingots and charging in 
the soaking pits, the time in the soaking pits, and the heating of 
the ingots at carefully regulated temperatures for the various 
grades of steel are some of the factors which receive close attention 
and are made a matter of supervision by the metallurgical depart- 
ments. The use of rolls without ragging and the practice of rotating 
the ingot through 90° after two drafts in collared passes have 
proven advantageous in eliminating mechanical surface defects. 

The uniformly heated ingots, varying in size from 21 in x 20 in. 
to 30} in. x 30} in. depending on the bloom size and billet require- 
ment, are rolled in 40-in. two-high reversing mills according to 
definite schedules of light drafts in the initial passes and uniform 
reductions in succeeding passes. When the ingot has been reduced 
to the required bloom section, it is sheared for the top and bottom 
discard, the extent of the discard being regulated by the type of 
steel, the character of the heat, and the appearance of the blooms 
produced. 

The major portion of the blooming mill product is delivered 
direct after shearing and without reheating to two-high reversing 
bar mills which are located in tandem with the blooming mill. 
The bar mills are provided with a number of extra housing sets, 
which permits a roll change to be made in less than 10 min. Rounds 
43 in. to 13} in. in dia. are thus rolled direct from ingots. Smaller- 
sized rounds are produced by the reheating of small blooms and 
rolling on additional bar mills. 

The bar-mill rounds are hot-sawn to length and centred for the 
seamless mills. Seamless-tube rounds must be rolled to an accurate 
diameter and cut to accurate lengths, as each round produces a 
given length of pipe and accurate round weights are necessary. All 
rounds are hot-stamped for identification and racked in cradles for 
the various tube orders. 

The solid rounds used for making seamless tubes must undergo 
a thorough conditioning operation. It is now general practice to 
peel all rounds over 5 in. in dia. and then remove any remaining 
seams or defects which are evident after turning by chipping or by 
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scarfing with an oxy-acetylene torch. Small-sized blooms, which 
are rolled for later conversion into rounds smaller than 4? in., are 
usually pickled to reveal surface defects and then conditioned on 
planers or by hand-chipping or by scarfing with an acetylene torch. 
The most careful attention to the thorough removal of surface 
defects is necessary to eliminate seams and other pipe mill losses. 


Pree MIiILts. 


The pipe-producing units of the National Tube Company include 
butt-weld, lap-weld, electric-weld, and seamless processes, the latter 
constituting 60% of the total production. Only a description of the 
seamless-tube producing equipment is given in this paper. 








Fig. 1.—Mannesmann Piercer Piercing a Solid Billet. 


The prepared round billets are charged into the elevated end of 
sloping-hearth, continuous, gas-fired furnaces. Uniform heating of 
the solid billet is essential, and the time required to arrive at this 
condition is a function of the billet diameter. Since the diameter 
of the billets differ, depending on the size of pipe being fabricated, 
it is necessary to vary the rate at which the billets roll through the 
furnace. This requisite is provided by employing several furnaces, 
all of which are used when the largest billet diameters are being 
fabricated. From the charging position the billets are slowly 
and continuously rolled down the sloping hearth of the furnace until 
they reach the bottom, where they are discharged through a side 
door and conveyed to the entering side of the piercing mill. 

The actual piercing of a seamless tube from a solid billet is a 
spectacular forging operation. While there are several kinds of 
piercing mills, all have the common feature of spinning the solid 
billet at a high rotational speed and feeding the billet forward over 
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a rotating mandrel. This is accomplished by means of cross rolls 
with skewed axes and angular surfaces, which grip the billet on the 
inlet side of the pass and pull it as it rotates through the gorge. 
The piercing point or mandrel is placed usually at the narrowest 
point between the rolls, and is supported on a hollow water-cooled 
bar which is free to rotate. The friction against the forged billet 
causes the rotation of the piercing point and bar. The time required 
to pierce completely a tube shell from the solid billet varies from 
2 “ 60 sec., depending upon the length and wall thickness of the 
shell. 

The seamless piercing equipment is of several types. Tubes 
smaller than 5 in. in outside dia. are made on small Mannesmann 
roll or Stiefel disc piercing mills. Fig. 1 illustrates the Mannesmann 
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Fig. 2.—Stiefel Disc Piercer. 


mill and Fig. 2 the Stiefel mill. The forged shells obtained from these 
piercers are rolled on an automatic plug rolling mill, which was 
developed in National Tube Company plants in 1904. A diagram 
of this mill is shown in Fig. 3. The plug-rolled tubes are then 
placed in a cross rolling machine called a “ reeler,’”’ which burnishes 
the inside and outside surfaces of the tubes by means of cross rolls 
and a cylindrical mandrel held on the inside of the tube between 
the rolls. The reeling equipment is shown in Fig. 4. 

A recently developed method for rolling small tubes has also 
come into commercial use. By this procedure solid billets, pierced 
in a Mannesmann piercer, are cross-rolled on a long solid bar in a 
machine called the “‘ Diescher elongator,’’ which eliminates the 
automatic rolling mill and reeling operation. This machine is 
illustrated in Fig. 5. It is particularly adapted to the rolling of 
light-walled tubes, and wall thicknesses as light as 0-06 in. have 
been produced. 
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Tubes ranging from 5 in. to 16 in. in outside dia. are made by the 
“double piercing ” process, which was developed by the National 
Tube Company in 1925. In this process the solid billet is first 
pierced to a comparatively heavy-walled shell, after which, in the 
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Fic. 4.—Reeling Machine. 


same heat, it is put through a second piercing mill. The second 
mill further reduces the wall thickness and increases the diameter 
and length of the piece. This practice has extended the permissible 
diameter range of the automatic-mill method of producing seamless 
tubes by dividing the requisite work of piercing in the two stages. 
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The “ double piercing ’’ process has the further advantage that it 
definitely improves the concentricity, since any eccentricity pro- 
duced in the first operation results in a temperature differential 
between the thick and thin sections, which favourably influences 
the displacement in the second piercing mill. The Mannesmann 
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Fic. 6.—Second Piercing Operation. 




















type of piercers employed are considerably heavier and more rigid 
than those in general European use. The large machines have 
48-in. dia. rolls, which operate at surface speeds of approximately 
1000 ft. per min. These rolls are powered by a 3500-h.p. syn- 
chronous motor, designed for 10,500 h.p. pull-out torque. Fig. 6 
illustrates the second piercing operation. 
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A further advance in the art of piercing was introduced by the 
National Tube Company in 1933, and consisted of a new pass design 
in which the rate of metal displacement was uniformly distributed 
throughout the working zone. The reduced internal friction re- 
sulting from this pass design effects a decided improvement in the 
quality of the billet and without any alteration in roll surface speed 
has increased the delivery speed as much as 100%. 

The pierced billets for pipe larger than 5 in. in outside dia. are 
reheated before being delivered to the automatic plug rolling mill. 
In this furnace the hot shells remain for only 2 or 3 min., which is 
sufficient to secure a uniform rolling temperature from end to end. 

The developments in piercing described above have materially 
reduced the work previously required in the automatic plug rolling 
mill, which is next in the sequence. The rolling mill equipment 
for large tubes is quite similar to that illustrated in Fig. 3. The 
automatic mill consists of a pair of grooved rolls, one of which is 
arranged to move mechanically for a rapid opening of the pass. 
A removable mandrel is supported in the groove on the end of a 
fixed bar, which is longer than the rolled pipe. Stripper rolls en- 
circling the mandrel bar are located behind the main rolls. These 
are likewise moved mechanically for opening their pass. The tube 
is passed through this roll stand twice, being rotated through 90° 
between the passes so that the entire surface receives an equal 
and similar treatment. The plug-rolled tubes up to 16 in. in outside 
dia. are next reeled in a manner similar to that described for small 
tubes. 

The large demand for pipe between 16 in. and 30 in. in outside 
dia. for the transportation of natural gas for long distances raised 
a serious question as to the best manner of manufacturing such 
pipe. The existing lap-weld processes for making such pipe sizes 
were both costly and slow and also unsuited for the manufacture 
of long lengths over 40 ft. It is also not feasible to roll pipe over 
16 in. in dia. on the automatic rolling mill, and this feature made 
it questionable whether seamless pipe in these sizes could be econo- 
mically made. After several years of study of this problem the 
National Tube Company developed the rotary rolling mill, which 
has made possible the production of pipe as large as 28 in. in outside 
dia. in lengths up to 45 ft. and with wall thicknesses as light as 
0-281 in. 

The rotary rolling mill is a modification and enlargement of 
the cone-type piercing mill. The shafts of this mill, which drive 
the 74-in. dia. conical rolls, are in separated horizontal planes and 
are placed at an angle of 60° with the axis of the pipe being rolled. 
A diagram of this mill is shown in Fig. 7. Each shaft is powered 
with a 1500-h.p., 200-500 r.p.m. D.C. motor, which provides peri- 
pheral roll speeds of 800 to 2400 ft. per min. In operation the 
conical rolls grip and spin the pipe, feeding it forward over a large 
mandrel, thereby effecting a decrease in the wall thickness of the 
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pipe and an increase in the diameter. The length of the tube is 
substantially unchanged by the operation. The rolling action is 
quite similar to that which takes place in a tyre or ring rolling 
machine, except that in the rotary rolling mill a forward helical 
advance is imparted to the tube, which is supported on the inside 
by the tapered mandrel. 

The use of the rotary rolling method can be best illustrated by 
a description of the sequence of the operations involved in the 
making of pipe 24 in. in outside dia. by 7 in. wall thickness by 
40 ft. long. A solid billet 11; in. in outside dia. and weighing 
approximately 3700 lb. is first pierced to a shell 13 in. in outside 

















Fie. 7.—Rotary Rolling Mill. 


dia. with a 1-5-in. wall thickness. This is next pierced in a second 
piercer to 15? in. in outside dia. by 0-630-in. wall and then rolled 
on the automatic plug rolling mill to 15} in. in outside dia. by 
0-550-in. wall. After the rolling mill the reheated shell enters the 
rotary rolling mill, where its dimensions are changed to 23% in. in 
outside dia. by 0-312 in. wall. The rotary-rolled tube is then 
reeled in large reelers to 243 in. in outside dia., after which the tube 
passes to sizing rolls which finish the piece to 24 in. in outside dia. 
by #-in. wall. 

The plants of the National Tube Company are equipped with 
thirteen seamless units, three of which have auxiliary rotary rolling 
mills. Hot-finished tubes as small as 1,4 in. in outside dia. by 
14 gauge or 2 in. in outside dia. by 16 gauge and 30 ft. long up 
to 28 in. in outside dia. by 4-in. wall and 45 ft. long can be rolled 
on these different units. In some diameters pipe 52 ft. long has 
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been produced. One plant has cold-drawing benches ranging from 
50,000 Ib. to 300,000 lb. capacity with a size range of from } to 10? 
in. in outside dia. Lengths up to 53 ft. can be made by cold-drawing. 
Fifteen million feet of cold-drawn tubing per month have been 
produced in the cold-drawing department. 


FINIsHING. 


In the National Tube Company pipe mills finishing is done in 
departments adjacent to the producing units. This arrangement 
provides for the automatic and continuous flow of the product 
through the sequence of the requisite finishing operations. 

The rolled tubing is straightened on several types of straightening 
machines. Straightness is an important property of tubes, and on 
some products extreme accuracy is necessary. This is particularly 
true of long drill pipe, casing, and tubing strings which must set 
in deep constricted holes in nearly perfect alignment. Special 
precision tubes used for pumps in lengths up to 20 ft. must be 
straightened with the greatest precision. Gag presses and rotary 
straighteners are the most common type used, with special oil-gear 
presses with long dies for precision work. 

The straightened pipe is cut in special machines to the required 
lengths. Various bevelled ends and machined ends are produced 
in these cutting machines. After cutting and chamfering, the 
pipe to be threaded is transferred to the different threading machines. 
The male threads are die-cut, while couplings are threaded by 
receding chaser taps. The dies and tap chasers are made in shops 
equipped for the precision work essential for the maintenance of 
standards to narrow tolerances. The oil industry requires threaded 
joints on casting and tubing which are leak-proof at gas pressures 
as high as 7000 lb. The American Briggs Standard Pipe Thread 
has proved adequate for this service. Special types of threaded 
joints have been used to a limited extent for special conditions. 

Drill pipe has long been provided with 60° threads, truncated 
by crest and root radii. 

Many kinds of tubing are required with specially formed ends. 
This is particularly true of the oil industry, where drill pipe, oil-well 
tubing, and some casing are upset to increase the pipe wall thickness 
at the ends as much as 150% in order to increase the strength of 
the threaded joints resulting. A considerable quantity of seamless 
tubing supplied to the automobile industry, the railways, oil 
refineries, and for various mechanical purposes is formed into 
numerous complicated shapes with flanged ends, swaged or tapered 
lengths, or expanded ends. Special upsetting, swaging and ex- 
panding machines are available for these operations. 

One of the most complicated features of the tube and pipe in- 
dustry relates to the various coatings which are applied to the 
internal and external surfaces to increase the corrosion resistance 
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of the material for many different services. -A large quantity of 
pipe for electrical conduit and domestic water lines is galvanised. 
Recently the life of lines handling industrial waters has been greatly 
increased by the application of an internal cement lining, and pipe 
ranging from } in. to 24 in. in outside dia. is available so lined. 
The underground pipe-lines which are laid for the transmission 
of oil and gas are coated externally with various plastic bitumen 
and felt wrappings to protect the outside surface from soil corrosion. 
Large pipe-lines, transferring city water supplies, are generally given 
an internal coating of heavy plastic bitumen compounds. Special 
finishing department machinery is necessary for the application of 
these coatings. 


PRODUCTION OF A LARGE PrrPE-LINez. 


An instance of the extent of the facilities of the National Tube 
Company for the manufacture of unusual quantities of large pipe 
may be illustrated by the description of the execution of an order 
for 230 miles of pipe 22 in. in outside dia. by ;-in. wall, which 
was laid as an extension of a long gas line. Other sections of this 
line had been laid previously, and the total length from the pro- 
ducing gas field to the farthest consuming community exceeded 
1500 miles. The 230 miles described involved approximately 
44,000 tons of pipe. This pipe was made to American Petroleum 
Institute Specification 5-Z for seamless Grade B material. 

This pipe was furnished in lengths averaging 42 ft. 5 in., 
and was joined in the field alternately by electric welded girth joints 
and plain end couplers. At times there were four crews, geo- 
graphically separated but working simultaneously, laying a total of 
5-6 miles per day. The last pipe was laid about sixty days after 
the start of the field work. It is interesting to note that the produc- 
tion and shipment of this pipe was limited in the field by the 
speed at which the contractors could lay the pipe, as the National 
Tube Company was in position to manufacture pipe at more than 
double the rate of 5 miles per day which was required for laying 
the line. 

CoNCLUSION. 


This brief description of the manufacture of seamless tubes 
sketches the participation of the National Tube Company in this 
important development. In the fifty years covered the seamless 
pipe industry has been in a continual state of change, induced by 
the growth of new pipe-consuming industries on the one hand and 
by the many changes in the methods of making both seamless and 
welded tubes on the other. Welded tubes and pipe do not serve 
economically in many applications; in many others the seamless 
article is essential for successful performance. It is significant that 
the seamless process has not only kept pace with developments 
but has improved its position. 
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CORRESPONDENCE. 


Mr. K. R. Bryxs (Sheffield) wrote that it was not stated in the 
paper which method of casting was employed and it would perhaps 
be of value to know whether the authors had found bottom-, top-, 
or tundish-casting more suitable for their tube steels in view of the 
later removal of surface defects by turning, chipping, or scarfing 
subsequent to “ direct ”’ rolling. 

Had the authors found any difference in the incidence of defects 
such as seams or hair lines in the two steelmaking processes, 7.e., 
duplex and straight open-hearth? Did the duplex method of 
working produce a steel less liable to seams ? 





AUTHORS’ REPLY. 


The AuTHoRs replied that the steel for seamless pipe melted in 
the plants of the National Tube Company was all top-cast. 

It was emphasised in the paper that the steelmaking processes 
employed in duplex tilting open-hearth practice and in cold-scrap 
stationary open-hearth practice were identical as to slag formation 
and finishing conditions. In addition, the same type of moulds 
and mould coatings were used in both open-hearth plants, and as 
a result of these conditions the surface defects on the ingots and 
rolled rounds were quite similar. In addition, the degree and 
extent of surface defects was, on the average, of the same order. 
There was, of course, a considerable difference between heats made 
in the same plant. It had been the authors’ experience that the 
quality of the steel obtained from both sources of melting and the 
practice of pipe-making were practically the same. 

















SPECIFIC-HEAT/TEMPERATURE CURVES 
OF COMMERCIALLY PURE IRON AND 
CERTAIN PLAIN CARBON STEELS.* 


By C. SYKES, Pu.D., D.Sc., anp H. EVANS, Assoc.Met. (TRAFFORD 
Park, MANCHESTER). 


SUMMARY. 


Measurements of the specific heat in the temperature range 80- 
450° C. have been made on a number of samples of commercially 
pure iron and plain carbon steel. The results are in reasonable 
agreement with accepted values. No experimental evidence is 
found which confirms the presence of the discontinuities reported by 
Naeser and Dearden. 

An examination of the published literature dealing with abnor- 
malities in physical properties of iron indicates that the indirect 
evidence which this brings to the support of the work of Naeser and 
Dearden is not strong. 


J.—INTRODUCTION. 


A LARGE number of investigators have noted transformation points 
in iron and steel at temperatures below the eutectoid temperature, 
viz., 700°C. <A variety of experimental methods have been used, 
involving the measurement of such physical properties as specific 
heat,222® tensile  strength,1-® “sonority,’ "2 — electrical 
resistance, 8” “rapid ”’ fatigue limit, limit of proportionality,‘ 
thermo-electric power,?” magnetisation, &c.,°°3® and it has 
generally been assumed that any discontinuity in the physical 
property concerned, plotted as a function of temperature, was 
evidence of a transformation in the material at that particular 
temperature. 

Apart, however, from the changes in sonority and limit of 
proportionality in torsion which are particularly well marked at 
120° C., the magnitudes of the changes in other physical properties 
were in general quite small and not readily reproducible. 
Consequently many of the effects have been attributed by certain 
responsible opinion ®® to gas absorption and similar subsidiary 
phenomena as distinct from the views held by other investi- 
gators °7, 12 that the effects were in fact caused by fundamental 
modifications in the lattice structure of the element iron. 

Recently attention has been drawn to the subject of low- 
temperature transformations in iron by a paper by Naeser.?” 


* Received July 28, 1938. 
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From a careful series of experiments this investigator has determined 
a specific-heat/temperature curve of pure iron, Fig. 5(b), which 
shows six distinct peaks, approximately 100°C. apart, between 
25° C. and the A, point in iron. The changes in specific heat at 
these various transformation points are of the same order of 
magnitude as those occurring at the A, point in iron and at the 
Curie point in nickel. Naeser’s paper is accompanied by a fairly 
complete bibliography of the literature dealing witb low-temperature 
changes. This is reviewed, and it appears that some of the trans- 
formations (as fixed by Naeser’s specific-heat curve) can be 
correlated with those reported previously from an examination of 
other physical properties. 

The specific-heat/temperature curve according to Naeser’s 
investigation appeared to be so unusual that the experiments 
described in the present paper were commenced to confirm it and 
assist if possible in the interpretation of the low-temperature changes 
in iron and steel. 


I].— DETERMINATION OF TRUE SpeciFIC HEAT. (METHODS.) 


The specific-heat/temperature (S.T.) curve of an alloy or metal 
undergoing a transformation consists of the normal 8.T. curve with 
the effects of the transformation superimposed. The normal S.T. 
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curve can usually be estimated so that, provided that the modified 
curve can be experimentally determined, the energy involved in the 
transformation can be obtained from the difference in area between 
the two curves, Thus in Fig. ], curve OBXC is an S§.T. curve for the 
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alloy CugAu taken on heating ; OAD is the S.T. curve which would be 
obtained in the absence of a transformation, and the area between 
the two curves gives a measure of the total energy involved in the 
transformation. 

Experimental methods for the determination of the 8.T. curve 
may be classified under two headings. 


(a) The Calorimetric Method (Method of Mixtures). 


This consists in heating the specimen to a steady temperature 
7’, and then quenching it in water at temperature 7’). The heat 
given out per gramme is then represented by the area of the true 
specific-heat/temperature curve between the temperatures 7') and 
7',;, and this divided by the temperature interval 7',;-7') is the mean 
specific heat, S,,, in this range. By varying 7’; a mean 8.T. curve 
is obtained, from which the true specific heat, S, is calculated, using 
the following equation : 
(Sn = (Sula + (T1 — Td (FP) (1) 
This is the method used by Naeser, but it is not particularly suited 
for dealing with §.T. curves involving transformations, since for 
reasonable accuracy in the determination of the true specific heat 
exceptionally high accuracy in measurements of the mean specific 
heat is required. For example, if the true specific heat is assumed 
equal to the mean specific heat over 4° C. intervals, then at 400° C. 
the mean specific heat must be determined to 5 parts in 100,000 
in order that the true specific heat shall be correct to one part in 
100. A determination of the mean specific heat involves two 
temperature readings, each of which must have, therefore, an 
accuracy of about 2 parts in 100,000. For curves of the type of 
Fig. 5(5) it is doubtful whether intervals of 4° C. are sufficiently small. 


(b) The Aneroid Method. 

In this method the energy necessary to raise the specimen over 
a small temperature interval of from 1° to 3° C. is measured. The 
mean specific heat over the small temperature interval is assumed 
to be equal to the true specific heat at the mean temperature. 

The specimen is placed in a uniformly heated enclosure at a 
constant temperature. Power is then supplied internally, either 
by means of a small heating coil or by elgctron bombardment. 
From the power input and the rise in temperature the true specific 
heat at the temperature of the enclosure can be calculated, 
a correction being made for the radiation loss. By varying the 
ambient temperature enough points can be obtained to give the 
S.T. curve. 

This type of experimental arrangement is only suitable for 
dealing with transformations which take place so quickly in the 
temperature range under investigation that no lag occurs at the 
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heating rates employed, viz., 1°C. per min. It is also quite 
unsuitable, for example, for the investigation of transformations 
in quenched alloys, owing to the fact that the transformations take 
place to an unknown extent in the period required for the conditions 
in the enclosure to become sufficiently steady for measurements 
to commence. 


(c) The Modified Aneroid Method. 


In general, a method which enables the 8.T. curves to be 
determined continuously over a large range of temperature is to be 
preferred for the investigation of transformations. One of the 
present authors devised:such a method for the examination of the 
energy changes involved in order-disorder transformations,®® and 
this has been used to determine those §.T. curves of iron which 
appear in a subsequent section of this paper. The experimental 
arrangements have been fully described elsewhere; the following 
outline, dealing with the principle of the method, will assist in the 
interpretation of the experimental results. 

The specimen, of mass M and specific heat S, is in the form of 
a closed hollow cylinder which can be heated internally by means 
of a coil C, see Fig. 2(a). It is surrounded by and thermally 
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insulated from a massive copper block B. This acts as a uniform 
temperature enclosure, which can be heated by means of an external 
furnace at a uniform rate, according to the curve 7';t, Fig. 2(b). 

In the absence of any internal heating the temperature of the 
specimen would follow a curve of the type 7'st, shown dotted. IR=fa 
quantity of heat equal. to Q cal. per sec., 
= aT z 
Q>Ms—-, 
is supplied to the heating coil C, the curve 7'st will cross the curve 
T'zt. If then the heat supplied is reduced so that : 

,dT'p 
Q<Ms—?, 


the curve 7'st¢ will again cross 7'zt. 
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When the two curves cross no correction is necessary for heat 
transfer and 





- (d7’s) 
s hietlasass dt Tg=Tz (2) 
S being the instantaneous specific heat at temperature 7's. 
This may be written 
- dT, d 
Q=ms|[F?+5(Te—Ts) |, 9, « - + 3) 


The experimental method determines aot - (T13—Tz)andQ. The 


former varies very slowly with time and is about 1-5° C. per min. 
(7's — T's) is measured every minute and 5 (Ts— T;) is seldom 
greater than 0-04° C. per min., except when the material is under- 
going a transformation. 


Any change in S is accompanied by a large change in * (7's — Tz) 


(Q and 7 being constant), consequently the method is particularly 


suitable for the examination of small transformations, and in fact 
these can be immediately located by inspection of the readings 
giving (7's — 7's) as a function of time. 

Since (7's — 7’) is always small, i.e., less than 0-5° C., values of 
specific heat can be determined at any temperature other than those 
when 7's = 7'; by making a small radiation correction, K, which can 
be determined experimentally : 


1.€., Q = Ms “84. K(Ts _ T's) . . . ° . (4) 
The second term is usually from 0-1% to 1% of the first term on the 
right-hand side of the equation. 

In this way a complete S.T. curve over a given temperature 
range can be obtained while the temperature is continuously varied 
throughout that range. 


III.—PREPARATION OF SPECIMENS. 


Experimental work hitherto carried out in connection with low- 
temperature transformations has been made on widely different 
types of material, varying in composition from fairly pure iron to 
carbon steels containing appreciable proportions of carbon. 


Analysis. 

As a representative selection the materials listed in Table I. have 
been tested. The underlined figures referring to sulphur add 
1938—ii K 
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phosphorus have not been checked chemically; they refer to limits 
given in a purchasing specification. In cases where these elements 
have been checked the figures are less than 0:01%. Steels 3 to 8 
and the sample of Swedish iron were obtained through the kindness 
of Dr. Hatfield of the Brown-Firth Research Laboratories. 
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TaBLE I.—Analyses of Materials. 





T 
: . ls Si. 4 8. vi. " b. 
Material. % : Mn oO, ; & & | Ni Cu 3 





Yo Yor Yo: %- %- %- 
Steel 3 : 3 4 . | 0-22 | 0-62 | 0-11 | 0-034 | 0-034 
ig. 6 : ‘ . | 0-43 | 0-73 | 0-20 | 0-037 | 0-038 
mw ° ° ‘ - | 0-82 0-34 0-14 0-05 0-008 
max. 
~ 8 ‘ . ‘ . | 1:22 | 0-39 | 0-17 | 0-007 | 0-05 





Armco iron ° ° - | 0-018 | 0-02 0-008 
Swedish Lancashire iron - | 0-01 0-01 0-008 ‘ ose 
Swedish iron ; é - | 0-017 | 0-02 0-008 was Ses ca san ane 
‘021 | 0-003 | 0-001 0-10 0-007 
05 0-05 see ase eee 


oo 


Electrolytic iron . ° - | 0-006 | 0-001 | 0-005 
Case-hardening steel . - | 0-13 eee ose 






































The Swedish Lancashire iron was obtained from Messrs. Ernst B. 
Westmann, Ltd., in order to get a sample similar to that used by 
Dearden,® who examined material from this source. 

The case-hardening steel sample was picked at random from the 
stores in the authors’ own works. 

The sample of electrolytic iron and its analysis were kindly 
supplied by Dr. W. Rohn, of Heraeus-Vacuumschmelze, Hanau, 
Germany. 

The various materials were obtained in the form of approximately 
l-in. dia. bar, and the specimens were machined direct from the bar 
without treatment. Some specimens were tested in the as-received 
condition, and all the specimens after a heat treatment which 
consisted of an anneal for 15 min. at 740° C. followed by cooling at 
1°C. per min. to room temperature. The heat treatment was 
carried out in a vacuum of 10-10 mm. of mercury. 


IV.—EXPERIMENTAL RESULTS. 


The 8.T. curves obtained for the various samples of “ pure ”’ 
iron are given in Fig. 3. They are identical to within + 1% and 
are free from discontinuities. The slope of the curves gradually 
diminishes with rise in temperature. 

Fig. 4 gives the results for the four plain carbon steels. Above 
250° C. they are practically identical and the same as those obtained 
for the “ pure”’ irons. The steels contain different amounts of 
cementite, a constituent which loses its ferromagnetism at about 
200° C. and therefore undergoes a thermal transformation, 4” its 
specific heat being abnormally high in the range 100-250°C. 
Consequently the curves are slightly different over this range. 
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(The increase in specific heat over the range 150—200° C., where the 
effect is a maximum, should be about 6—7% for a 1-2% carbon steel. 
This is in reasonable agreement with that found experimentally, 
viz., 5-6%.) 








(a) Vacuum-Melled Electrolytic Iron. 
© Annealed (A.C) 
x Magnetic effect’ Heating 
Curren? DC. 1 












- (¢) Swedish Lancashire Iron 
re cael Annealed 700°C.; cooled 
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0-12 (a Armco Iron. | 
© Annealed 700°C ;cooled af !°C per min. 
on * Waler-gquenched from 510°C. of 
0-10 1 1 1 
100 200 300 400 
Termperature. °C. 
Fia. 3. 


There are no marked discontinuities in any of the curves shown 
in Fig. 4. 


Accuracy of the Experimental Results. 


The chief errors involved in measurements of this type have been 
discussed in detail elsewhere “ in connection with the determination 
of the specific heat of copper; the relative error for any one 
determination is estimated to be + 1%. The specific heat as read 
from the curve drawn through the experimental points is considered 
to have an absolute error not exceeding + 1-5% in the temperature 
interval 100-450° C. 

Using the type of apparatus described, one of the authors has 
measured the specific heat of copper,®” brass“? and copper- 
palladium alloy, Cu,Pd,‘* and over the ranges of temperature in 
which comparison is possible the results are in agreement (within 
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the limits of experimental error) with those recently published by 
other investigators using other methods. 


cific Heat. Cal. 








0:23%C Steel, 


as annealed. 
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V.—PREVIOUS MEASUREMENTS OF SPECIFIC HEAT. 


A large number of investigators have measured the specific heat 
of iron, a full bibliography being given by Naeser. 
papers will be discussed subsequently in detail in connection with 
transformations; in this section the authors will confine them- 
selves to the results of previous workers who found no discontinuities 


in the specific heat in the range 100-500° C. 


Some of the 


TaBLE II.—T rue Specific Heat Cp. Cal. per. g. 
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0-151 








0-144 








z: I. III. IV. a VI. 
Temperature. | Ralston. Austin. Klinkharat. | S¥KeS and | Most Probable. 
100 0-120 0-115 0-115 0-114 0-114 
200 0-124 0-128 0-128 0-125 0-126 
300 0-132 0-140 0-140 0-135 0-137 


0-146 
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Ralston “4” reviewed the results available to the end of 1927, and 
after a critical examination gave as the most probable values of 
specific heat those given in column II. of Table II. They were 
deduced chiefly from measurements of mean specific heat. 

The experimental results were again reviewed by Austin™ in 
1932, who arrived at the values given in column III. During the 
period 1927-1932, an important paper by Klinkhardt“® appeared, 
which described accurate measurements on a sample of vacuum- 
melted iron by an aneroid method. An analysis is not given, but 
measurements of the electrical conductivity indicated that it was 
not particularly pure. 

He estimated his probable error at about + 1%, with a maximum 
error of + 3%. His smoothed values, see column IV., are identical 
with those given by Austin. (As Klinkhardt’s results were the 
only reliable direct determinations of true specific heat available they 
were given especial weight by Austin.) 

No references have been found to work on the true specific heat 
of iron subsequent to Austin’s paper. 

The results given in column V. are the means of the values 
obtained from the curves of Fig. 3 for the four varieties of pure iron. 
Comparison with column IV. shows a difference which increases 
with temperature and which amounts to about 5% at 400°C. 
This difference approximates closely to the sum of the maximum 
experimental errors, and since it is considered that the errors involved 
in the authors’ method (see Section II. (c)) have been estimated 
conservatively, it appears that Klinkhardt’s results are too high. 

The values given in column VI. are intermediate between those 
of columns IV. and V. and represent the most probable values 
for the specific heat of iron based on the experimental work up to 
date. 


VI.—DIscONTINUITIES IN THE SPECIFIC-HEAT/TEMPERATURE 
CURVE. 


(a) Previous Work. 


Naeser quotes the work of the following authors as giving 
evidence for the existence of anomalies in the true specific heat of 
pure iron: Pionchon,’ Stucker,® Harker, Oberhoffer,” 
Griffiths and Griffiths,?® Dinkler, Dearden?® and Naeser.‘2” 

Pionchon (1887), Stucker (1905), Harker (1905) and Oberhoffer 
(1907) all measured the mean specific heat by the method of mixtures. 
This work was of a high quality, bearing in mind the experimental 
difficulties * of that period. The determinations were made, in 
general, at wide temperature intervals, and it is doubtful whether 
the accuracy of individual values of the mean specific heat was 
better than 1%. Consequently their results are quite unsuitable 


* According to Harker, Pionchon used the Lionville scale of temperature, 
The melting point of silver ascertained on this scale was 901° C. 
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for the evaluation of the true specific heat unless it is assumed that 
the true S.T. curve has a substantially constant slope, 7.e., is free 
from discontinuities. 

The above investigators lay no claim to have discovered 
discontinuities; the evidence appears to have been inadvertently 
produced by Lecher.‘ In a discussion of the results of Pionchon, 
Harker and Oberhoffer, he determined the true specific heats by the 
calculation of the mean specific heat over the temperature intervals 
between successive measurements of heat content. The resulting 
points plotted as a function of temperature formed a wavy curve; 
this calculation had, of course, accentuated the experimental 
errors and indeed Lecher mentions that he was unable to use some 
of Pionchon’s work because there were too many experimental 
points. (The absolute errors in the true specific heat are inversely 
proportional to the temperature interval over which the average 
is made.) The papers discussed above are repeatedly quoted as 
providing evidence for the presence of discontinuities in the 8.T. 
curve of iron; in the authors’ opinion they offer no evidence either 
for or against. 

The results of Griffiths and Griffiths, who determined the true 
specific heat directly, are probably the most accurate available, but 
unfortunately they are restricted to temperatures below 97°C. 
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The discontinuity mentioned by Naeser occurs at 66° C. and consists 
in a deviation of 1% from the “best’’ curve through the 
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experimental points. This deviation is of quite a different order from 
those appearing in Naeser’s curve (about 40%), and certainly it could 
not be detected with certainty by the authors’ experimental method. 

Dearden measured the specific-heat/temperature curve of a 
sample of annealed Swedish Lancashire iron by an aneroid method. 
The experiments were carried out in vacuo. The resulting curve, 
see Fig. 5(c), shows one maximum at 120°C. and another possible 
maximum at 260°C. The general slope of the curve, neglecting 
the maxima, is much too steep, and in the discussion of his results 
this is attributed to heat losses from the specimen and lack of 
uniformity of temperature in the specimen. He states that there 
seems to be no reason to doubt that comparable relative values have 
been obtained. It is unfortunate that the apparatus was not 
used to determine the specific-heat/temperature curve of a 
material such as copper which might be expected to be free from 
discontinuities, as this statement could then have been established. 

Naeser carried out his determination on three annealed samples 
of iron: Carbonyl iron, vacuum-melted electrolytic iron, and 
technically pure iron. The analyses were : 


Carbonyl iron ‘ . Carbon, 0:001%; oxygen, 0-002%. 
Electrolytic iron . - Carbon, 0-001%. 
Technically pure iron . Carbon, 0-:012%; manganese, 0:003%; oxy- 


gen, 0:003%; silicon, trace. 


He measured the mean specific heat and claims an average 
accuracy of 0-1%, although he states that in a few cases the error 
reached 0:3°%%. The specimens were enclosed in an airtight platinum 
vessel, heated in air to the desired temperature and then dropped 
into water, the rise in temperature being measured by a sensitive 
thermometer to 0-0005° C. 

All the samples gave identical results, and consequently Naeser 
concluded that the abnormalities could not be attributed to 
impurities. A number of tests were made on cementite, platinum 
and silver, and he found that the resulting 8.T. curves were quite 
smooth. The alternating current used in the heating of the furnace 
was suspected of producing some effect on the thermocouple in the 
specimen by virtue of the ferromagnetic character of the iron, but 
no interaction could be established. As a result of these careful 
check tests Naeser concluded that his mean specific heat curve, 
Fig. 5(a), was truly representative of the material iron and that 
the wavy character of the curve was not caused by some factor in 
his experimental technique. 

He then goes on to show that the abnormalities in the mean- 
specific-heat curve give rise to sharp discontinuities in the true 
specific heat at 112°C., 198°C., 292°C., 398°C., 481°C., and 
597° C., and that these temperatures can be arranged in an 
arithmetical progression which includes the A,, A, and Ay, points . 
and the melting point, the temperature difference between any two 
points being a multiple of 47-3° K. approximately. 
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All the experimental determinations given in Table I. of 
Naeser’s paper for the range 100-500° C. are plotted in Fig. 5(a) 
and the curve has been drawn to imitate as nearly as possible that 
given by Naeser. The evidence for the two points at 292°C. and 
at 481° C. seemed to be rather weak, and so the experimental results 
in the range 400-540° C. have been examined in some detail as 
follows (see Table ITII.). 


TaBLE III.—Experimental Results and Smoothed Values of the 
Mean Specific Heat and the True Specific Heat. 




















Mean Specific Heat. 
Experimenta! Results. Smoothed Values, = 
Temp. °0O. Sings: Temp. ° 0. Sing 

402-08 0-12684 415 0-12633 0-14951 
402-12 0-12641 425 0-12682 0-14778 
406-50 0-11698 * 435 0-12725 0-14540 
411-32 0-12719 445 0-12759 0-14122 
421-44 0-12733 455 0-12776 0-13512 
431-68 0-12802 465 0-12789 0-12902 
450-10 0-12891 475 0-12780 0-11738 
464-63 0-12906 483 0-12823 0-21144 
469-20 0-12901 495 0-12977 0-18043 
476-80 0-13007 505 0-13066 0-17324 
486-30 0-13005 515 0-13140 0-16761 
496-41 0-13092 525 0-13206 0-16844 
498-78 0-13175 

504-61 0-13175 

520-36 0-13257 

534-33 0-13375 

540-80 0-13398 

















* This must be a printer’s error: it should be 0-12698, 


The values of the mean specific heat (7'<—>25° C.), S,,,,,* obtained 
experimentally are plotted against the temperature in Fig. 6. The 
curve S,,,7' gives the smoothed values of the mean specific heat, 
corrected to 0° C. as a reference temperature (7'<—>-0° C.), obtained 
by Naeser and used by him for the calculation of the true specific 
heat, Fig. 5(b). The minimum in S,,, occurs at about 480°C., 
which is to the right of the point B. 

The smoothed values finally chosen by Naeser for S,,,, are not 
given in the paper; neither is the value for the energy content of 
iron from 0° to 25° C. which enables one set of values to be transposed 
to the other. It is necessary to carry out this transposition in order 
to find out the error assigned to the point B. 

According to Griffiths and Griffiths, the energy content of iron 
from 0° to 25° C. is 2-668 cal. per g., and this figure has been used 
to transpose the smoothed curve (S,,,7') to the corresponding 
* Referred to 25° C, as minimum temperature, 
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smoothed curve (S,,,,7') shown dotted in the neighbourhood of 480° 
C., see Fig. 6. Alteration in the value assumed for the energy 
content from 0° to 25°C. moves the dotted curve up and down 
substantially parallel to itself, so that it appears that the point B 
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has been weighted with an error of at least 0-6%, which is twice the 
maximum error stated in the paper. As drawn, the error relative 
to the dotted curve is about 1%; if the dotted curve is lifted it 
throws the three points X YZ out. 

Consider the full-line curve marked S,,,,7' which has been drawn 
through the experimental points as an alternative to that given 
by Naeser. The maximum error possessed by any one of the 
points is 0-4% (Naeser mentions that some points are off the curve 
by 0:3%). Moreover the point B lies reasonably well on the curve, 
and, indeed, the errors assigned to the various points compare very 
favourably with the obvious errors in the points C and D,* which 
are taken close together over a temperature interval which is not 
considered to contain a discontinuity. 

On the basis of the experimental results given in Table III. 
the curve S,,,,7' cannot be excluded as one possibility. The values 
of the true specific heat calculated from it using the equation 

True specific heat, S = Sin, +(T — 25) ew ety ED 
* The scale of temperature is such that errors in the direction of the 
absciss@ may be neglected, 
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are shown in Fig. 5(d) in the temperature range 420-500° C. The 
discontinuity vanishes and the value of the true specific heat at 
450° C. is 0-148 cal. per g., which is in fairly satisfactory agreement 
with the results given in Fig. 3. 

Consideration of equation (la) shows that the discontinuity in 
the specific heat depends entirely on the value of (89,,/87'), since at 
the point A the slope of the curve (8S,,/87') changes sign and does 
not pass through zero. The magnitude of the discontinuous change 
in the specific heat depends therefore on the accuracy with which 
the cusp at A can be drawn. Naeser points out that large errors 
are likely to creep in at these points on the S,,,7' curve; actually 
the spread of the experimental points is too large for them to give 
any safe indication that a cusp exists. (A comparison of the 
smoothed values given in Table III. for S,,, and the true specific 
heat will demonstrate the sensitivity of the true specific heat to 
small changes in the mean specific heat, particularly from 475° to 
483° C., where a change of 0-4% in S,,, is accompanied by a change 
of 90% in the true specific heat.) 

The remainder of Fig. 5(a) has not been submitted to the same 
detailed scrutiny as the range 400-540° C., as the authors believe 
that the calorimetric method in its present state of development is 
unsuitable for the determination of the true specific heat unless it is 
assumed from the outset that the S.T. curve is free from 
discontinuities. For the method to be of any real use for the 
detection of discontinuities the accuracy in the mean-specific-heat 
measurements must be much higher than is at present possible in 
this type of experiment. 

Evidence for the absence of discontinuities is given by the work 
of Griffiths and Griffiths and of Klinkhardt. 

In the temperature range 50-97° C. Griffiths and Griffiths found 
an increase in specific heat of 3°,, which is very much smaller than 
that expected according to Figs. 5(b) and 5(c). Moreover, their 
results over the range — 130°C. to + 97°C. show no signs of 
developing a maximum at 120°C. 

Klinkhardt’s determinations do not confirm Dearden’s maximum 
at 120°C. or Naeser’s maxima at 198° C., 390° C. and 480°C. In 
the neighbourhood of the other maxima no determinations were 
made. Lecher‘” determined the true specific heat by a relative 
method and found no discontinuities, but his results contain effects 
due to a number of fairly arbitrary variables, so that they are not 
worthy of much weight. 

Rawdon, Hidnert and Tucker “® carried out an investigation 
to check a report by Sirovich that technically pure iron had a 
polymorphic transformation at 370°C. Thermal curves were 
taken of a large number of samples of iron, but no traces of a 
transformation were obtained except when the specimens had been 
treated in hydrogen. It is to be doubted whether any great weight 
should be given to this evidence, as the heating and cooling rates 
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used, 6° C. per min., were probably too fast to enable any small 
transformations to be detected. 

The previous work on discontinuities in the 8.T. curve of iron 
may be summarised by saying that, apart from the results of Naeser 
and possibly Dearden, there is no evidence of their existence. This 
work is contradicted by that of Griffiths and Griffiths and of 
Klinkhardt, which in the authors’ opinion is worthy of at least 
equal weight. 


(6) Results of Sykes and Evans. 


The results given in Figs. 3 and 4 are free from discontinuities 
greater than the authors’ experimental error, and as previously 
explained it can be safely concluded that none exists in the spaces 
between the experimental points. 
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In view of the precautions taken by Naeser it seemed desirable 
to demonstrate that the authors’ experimental method would 
detect transformations in iron. Figs. 7(b) and 7(c) are S.T. curves 
obtained on two samples of steel containing 0-43% and 1-2% of 
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carbon, as quenched. These curves should be compared with 
Figs. 4(b) and 4(d), which give the specific-heat results for the 
same steels in the annealed state. The differences are caused 
by the heat evolved in the various stages of the decomposition 
of the austenite. This takes place in a manner similar to that 
found in previous work“? dealing with the breakdown of 
austenite. 

As an additional test a 100-g. specimen of the case-hardening 
steel was taken, see Table I. Two small holes were drilled in this 
specimen and 0-8 g. (approximately) of zinc was placed in one 
cavity and 0-8 g. of tin in the other. The 8.T. curve was then 
measured in the normal way, giving Fig. 7(d). The latent heat 
absorbed at the melting point of the metals appears as an apparent 
transformation in the steel specimen. From the magnitude of the 
effects observed it is estimated that the method could detect a heat 
absorption equivalent to 0-1% of that occurring at the melting 
point of zinc and equal to about 0-02 cal. per g. The transformation 
in the range 300-400° C. given by Naeser involves about 3 cal. per 
g., and the transformation between 80° C. and 160° C. from Dearden’s 
work about 2 cal. per g.* If such transformations took place in 
the authors’ specimens they cannot visualise any set of circumstances 
which could have prevented the appearance of considerable 
discontinuities in the experimental curves of Fig. 3 and Fig. 4. 

The question arises as to whether the authors’ specimens differed 
in any essential way from those used by Dearden and Naeser. It 
is unlikely that differences in material could have been responsible 
for the lack of agreement in S.T. curves, since (a) Naeser states that 
all his specimens gave identical results, and (b) the authors’ Swedish 
Lancashire iron should have identical properties to that used by 
Dearden. If, as most writers insist, the discontinuities are a 
property of the iron lattice, then the effect of impurities can be 
neglected, and, in fact, from theoretical considerations it is also 
extremely unlikely. 

Other factors which might be responsible are : 


(1) The effect of quenching (in Naeser’s case particularly). 

(2) The effect of cold-work. 

(3) Magnetic effects. 

(4) Suppression of transformations due to using too rapid 
a heating rate. 

(5) The effect of dissolved hydrogen. 


Fig. 3(d) shows that the S.T. curve of Armco iron in the annealed 
state (points marked as circles) is substantially the same as that 
obtained on the material as quenched from 510° C. (points marked 
as crosses). This appears to dispose of the possibility that Naeser’s 


* The energy content change in nickel 5) is of the same order and has been 
determined without any difficulty, using the authors’ method and apparatus. 
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experimental method introduced discontinuities by virtue of the 
quenching of his specimens. 

Although the samples used by Naeser and Dearden were 
annealed, it is possible that they underwent some casual cold-work. 
A sample of case-hardening steel was drawn from the authors’ 
company’s stores, machined and then tested without any inter- 
mediate anneal. As Fig. 7(a) indicates, the S.T. curve (marked with 
circles) was similar to that on the annealed material (marked with 
crosses). The effect of casual cold-work is not likely to produce the 
type of results obtained by Naeser. 

The furnace in which the authors’ experiments are made is 
normally operated on alternating current; the magnetic field at the 
specimen is, however, extremely small, owing to the shielding 
effect of the intermediate closed copper cylinders. In order to 
eliminate the possibility that this residual A.C. field was causing 
any trouble some experiments were carried out with direct current. 
No noticeable difference was found, cf. Fig. 3(a). 

The heating rate used in these experiments was I1-1-5° C. per 
min. and rather faster than that used by Dearden, 0-25-0-5° C. 
per min. It was, however, extremely slow compared with the 
cooling rates used by Naeser, who quenched his sample in water. 
As it had already been demonstrated that quenching does not 
affect the S.T. curve appreciably, no experiments were carried 
out at different heating rates, as the authors’ particular method 
is not easily modified to do this without considerable loss in 
accuracy. 

A sample of Swedish Lancashire iron was heat-treated in 
hydrogen for 1 hr. at 1000° C. and then allowed to cool in hydrogen. 
The 8.T. curve showed no discontinuities. 


(c) General. 


In view of the complete absence of discontinuities in the curves 
of Figs. 3 and 4, it is concluded that no transformations occurred 
in the iron and steel specimens to which these curves refer. No 
explanation suggests itself for the results of Naeser and Dearden, 
and the following comments on these results appear to be justifiable. 
The curves are not in agreement, which suggests that they refer to 
some property which is not fundamentally connected with the iron 
lattice. Naeser’s points at 290° C., 390° C. and 480° C. should 
appear on any cooling curve which gives a reasonable indication of 
the A, point iniron. Experience indicates that they do not. 

The discontinuities (Fig. 5(b)) are sharp on the low-temperature 
side ;* this is very unusual, as it indicates that the velocity of the 
transformation giving rise to the anomalous specific heat increases 
with decreasing temperature. 


* A characteristic which is derived from the geometry of the cusps in 
Fig. 5(a). 
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VII.—OTHER EVIDENCE SUGGESTING THE EXISTENCE OF Low- 
TEMPERATURE SPECIFIC-HEAT CHANGES IN IRON. 


A summary of previous work dealing with low-temperature 
transformations in general was kindly provided by Dr. T. Swinden 
at the commencement of the authors’ experiments on iron. It is 
reproduced in an Appendix together with a list of the change points 
found. 

As it is well known that changes in certain physical properties 
are in general accompanied by changes in specific heat, the papers 
in the Appendix, together with a number of others mentioned in 
the text, have been studied with a view to ascertaining what 
additional evidence there was to support the work of Naeser and 
Dearden and thus contradict the authors’ own. The conclusions 
based on this survey will be indicated. 


Changes in Mechanical Properties. Papers marked A in Appendix. 


Debye “® has shown that the specific heat of a body can be 
expressed as a function of its elastic constants; consequently 
any change in elastic constants may involve a change in specific 
heat. Most of the papers (marked A) deal with the behaviour 
of iron when it is inelastic and are therefore irrelevant, as it is well 
known that marked changes in the elastic limit, tensile strength, 
&c., can take place without any appreciable change in the modulus 
of elasticity. 

An estimate of the magnitude of the change in elasticity can be 
obtained from the stress-strain curves in torsion given by 
Thompson.” Thus it may be calculated that in the temperature 
interval 90-120° C. a change in the limit of proportionality of from 
18 tons per sq. in. to 4 tons per sq. in. for a 0:9% carbon steel is 
accompanied by an increase in the modulus of elasticity of about 20%. 

The Debye temperature of iron is about 100° C., consequently 
according to the Debye theory the corresponding change in specific 
heat should be about 1%. In fact the range of temperature, 
100-500° C., in which the changes in mechanical properties take 
place is sufficiently high for the energy of the atomic vibrations to be 
given by the classical principle of equipartition of energy to a high 
degree of accuracy, and consequently changes in the elastic properties 
are unlikely to give rise to any appreciable discontinuities in the 
specific heat. 


Changes in Specific Heat. Papers marked B in Appendix. 
This work has already been discussed in a previous Section. 


Other Changes. Papers marked C in Appendix. 

According to the law of Griineisen,“ marked changes in the 
specific heat should be accompanied by similar changes in the 
coefficient of expansion. 
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Measurements on pure iron made by Austin and Pierce ‘*” show 
that the true coefficient of expansion increases from room 
temperature up to a maximum at between 400° and 500° C. and then 
drops slowly to a minimum at the Curie point. It then increases 
again until the «—y change point is reached. A point of inflexion 
occurs at the Curie point on the length-temperature curve but no 
discontinuity. The maximum noted by Austin and Pierce is usually 
associated with the commencement of the loss of ferromagnetism. 

The results of Borelius and Gunneson,®” dealing with 
discontinuities in the thermo-electric power, were not entirely 
reproducible and were criticised by Hereaus.” It is difficult to 
estimate what effect, if any, changes in the thermo-electric power of 
the order of 0-3-1 micro-volt per ° C. would have on the specific heat. 

In connection with the anomalous changes in the magnetic 
properties, the authors have considered the results of Morris * and 
Dearden and Benedicks.*® Morris finds a minimum in the 
permeability at about 300° C. and at 600° C., Dearden and Benedicks 
find a very slight discontinuity in magnetisation at 250° C. From 
the quantitative point of view it will be necessary to determine the 
discontinuities in the intensity of magnetisation at saturation 
intensity before any reliable estimate of the resulting change in 
specific heat can be made. Qualitatively it appears from the 
work of Dearden and Benedicks that the change in magnetisation in 
electrolytic iron is small compared with that occurring at the 
cementite change point (210° C.) in annealed carbon steels. 
Consequently no noticeable change in specific heat would be 
anticipated. The generally accepted curve ‘ relating the intensity 
of magnetisation to the temperature appears to be free from 
discontinuities, but it is possible that insufficient observations 
have been made. 

According to Griineisen the electrical resistance of a metal 
divided by the absolute temperature is very nearly proportional to 
the specific heat at constant volume except at very low temperatures. 
Apart from the determination of the change points, the work of 
Thompson “: 3? and his collaborators on the electrical resistance of 
iron and steel is of a qualitative character, so that no quantitative 
estimate of the effects can be made. These experiments should be 
repeated and the increase in resistance over the ranges of the trans- 
formations determined quantitatively. 

. The authors are of the opinion, therefore, that of the many 
investigations detailed in the Appendix only the work of Thompson 
and his collaborators on the changes in electrical resistance can 
be reasonably held to give indirect support to the work of Naeser 
and Dearden on specific heat. 


VIII.—Low-TEMPERATURE TRANSFORMATIONS IN IRON. 


Various theories have been put forward from time to time to 
account for the anomalous behaviour of iron, as recorded in the 
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Appendix, and some of these theories involve the assumption that 
the properties of the iron atom or lattice, or both, change in a 
periodic manner with the temperature. A change of this type 
might reasonably be expected to be accompanied by changes in the 
specific heat and thus account for the results of Dearden and Naeser. 

The fact that no appreciable abnormalities in the specific heat 
take place between 100° and 500° C. suggests that no periodic change 
occurs in the fundamental character of iron in this range, and it is 
probable that the cause of many of the abnormalities in the 
mechanical properties of iron listed in papers A(1—20) is more likely 
to be found in a consideration of such structure-sensitive factors 
as cold-work, rate of strain-hardening, grain size, method of testing, 
&c. More quantitative data on the abnormalities in physical 
properties dealt with under section C of the Appendix are required 
before they merit serious theoretical consideration. 
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AppENDIx.—Low-Temperature Changes in Iron and Steel. 
Abstract of Published Literature. 


The following is a summary of the changes or abnormalities 
in physical properties found in iron or steel at temperatures below 
400° C. mentioned in published literature : 


Changes or 
No. Property. Abnormalities. ° 0. Reference. 
(1) ‘Tensile strength A. 100, 120, 250. Iron Age, 1890. 
and elongation. Commission des Méth- 
odes d’Essai, 1892. 
Proceedings of the Inter- 
national Association 
for Testing Materials, 
1900, vol. 1. 
(2) Tensile strength A. 300. LEA and CROWTHER: 
and yield point. Engineering, 1914, 
Oct. 16. 
(3) Tensile strength <A. 250(0-:15% carbon Dupuy: Journal of the 
and reduction of steel), 330 (0:91 Iron and Steel Insti- 
area. and 1-:25% car- tute, 1921, No. II., p. 
bon steel). 91 


(4) Tensile strength. A. 230 (Armco iron). Lea: Engineering,1922, 
June 30. 











No. 


(5) 


(6) 


(7) 
(8) 


(9) 


(10) 
(11) 


(12) 


(13) 


(14) 


(16) 
(17) 
(18) 
(19) 
(20) 


(21) 
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AND PLAIN CARBON STEELS. 


Changes or 


Property. Abnormalities. ° 0, 
Tensile strength. A. 100, 250. 
Elastic limit. A. 100, 250-300. 


Elastic limit. FR 


Elastic limit (tor- A. 


sion). 


Elastic limit (tor- A. 


sion). 
Elongation. A. 
Hardness. A. 


Work-hardening A. 


capacity. 


230. 


Electrolytic iron : 
80, 120, 170, 270, 
310, 370. 

0-99% carbon steel : 
50, 90, 120, 190, 
230, 270,320. 

100, 350. 


100, 250. 
Low-carbon sheet : 


110 (?), 130-140, 
220, 330, 380. 


Modulus of shear. A. 300. 

Rapid fatigue limit. A. 120, 220. 
Viscosity of wire. A. 180, 240. 

Notch toughness. A. 150. 

Notch toughness. A. 150. 

Velocity of sound. A. 100, 200. 
Sonority. A. 250. 

Sonority. A. 120. 

Cooling curve. B. 220 (425, 480, 590). 
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Testing Materials, 
1909, vol. i. 

Lea: Engineering,1922, 
June 30. 
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son: Journal of the 
Iron and Steel Insti- 
tute, 1923, No. I., pp. 
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Lea: Engineering,1922, 
June 30. 
Rosin: Revue de Mé- 
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1908, p. 893. 
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28, p. 727. 
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(24) 
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(29) 


(30) 


(31) 


(32) 


(33) 
(34) 


(35) 
(36) 


(37) 
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Property. 
Specific heat. 


Specific heat. 
Specific heat. 
Specific heat. 


Specific heat. 


Specific heat. 


Specific heat. 


Dilatation. 


Dilatation. 


Electromotive 
force. 


Electrical resist- 
ance and electro- 
motive force. 

Magnetic. 


Magnetic. 


Magnetic. 
Magnetic. 


Electrical _resist- 
ance. 


Changes or 


Abnormalities, ° O. 
B. 300. 


B. 300. 


B. 
B. 


320. 
200, 250, 300. 


. 115, 260 (2). 


. 112, 198, 292, 388, 


(481, 597). 


. 66. 


- 400. 


. 370. 


- 104, 200, 308, 393, 


(514). 


. 55, 100, 120, 220, 


245. 


. 150. 
. 180, 300. 


135. 


. 250 (electrolytic 


iron, annealed). 


. 70, 120, 170, 230, 
290, 310, 350. 
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DISCUSSION. 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield), said 
it gave him great pleasure to open the discussion, because, as Dr. 
Sykes had explained, the research described was one of a number of 
investigations which would be necessary before the able body of 
investigators collaborating with Dr. Bragg, of whom Dr. Sykes was 
one, had adequately covered the necessary ground which must be so 
patiently explored to form a basic structure for the consideration of 
special steel metallurgy. Dr. Bragg was very hopeful that with the 
help of his colleagues it would be possible to enunciate broad 
generalised laws which would be of great assistance to those who, like 
Dr. Swinden, himself and others, were endeavouring to explore the 
possibilities of adding other elements to iron. 

One of the first stages in such fundamental investigations was 
to clear out of the way any misunderstanding with regard to the real 
properties of the pure basic materials used. The present paper was 
welcomed very much indeed by those concerned in that investi- 
gation. Naturally, they had all given it very close study, and they 
had had the opportunity of seeing the results before they were 
presented to the Institute. They had a very high opinion of the 
work which had been done, but, even so, it was not easy to dispose 
of the data of other investigators, and it had occurred to him that 
Dr. Sykes might like to hand some of his samples to Professor 
Thompson and Dr. Naeser, and if those two investigators still con- 
tinued to find the points in question, he thought that that would be a 
very definite demonstration that the points found by Naeser and 
other investigators were due to extraneous causes and not to physical 
changes in the material itself. 

They had very carefully examined the authors’ methods, and 
as far as they could see the only possible sources of inaccuracy which 
might be considered to affect the result were (1) the possible time 
lag between the application of heat by means of the internal 
heating element and the taking up of that heat by the mass of the 
specimen, and (2) the temperature gradient across the sample. 
Those were not criticisms of the method, but were a comment in- 
dicating that even the most refined method had naturally some 
disability. 

The tests carried out by the authors in which small quantities 
of low-melting-point alloys were introduced into a specimen, and 
which faithfully marked their sharp points corresponding to the 
latent heat and melting point of those materials, were a complete 
proof of the very meticulous accuracy of the method employed by 
the authors. Personally, therefore, he and his colleagues, who took 
a very great interest in the work, regarded it as excellent, and thought 
that the authors had definitely established that the points pre- 
sumed to exist really did not exist. That was a substantial con- 
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tribution to the subject. In a way it was a pity, because there were 
things which happened in steel for which explanations were required, 
and he had heard those low-temperature points put forward on many 
occasions as an almost too plausible explanation of difficulties 
which it had not yet been possible to explain by other methods. 


Professor F. C. Tompson (Manchester) said he regarded the 
work described by the authors as having been excellently designed, 
carefully carried out and fairly discussed. He hoped that Dr. 
Sykes had no feeling that he personally regarded the conclusion 
reached in the paper as distasteful, since the question at issue was a 
fundamental one and needed settling. 

The low-temperature points in iron and steel had been indepen- 
dently discovered at least three times, by Borelius in Sweden, himself 
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and Whitehead in Sheffield, and Herbert in Manchester. That 
was a somewhat remarkable fact if the points had no real existence. 

Whether these abnormalities occurred in chemically pure iron 
was a matter which would have for the moment to be left open, but 
that they had been observed in very pure iron was certain. Borelius 
examined a vacuum-melted electrolytic iron, the curve of which 
was shown in Fig. A. The drop at 120° C. was particularly notice- 
able, and in the short time available for discussion he proposed to 
concentrate on that point, though he did not wish to leave the 
impression that it was the only one which mattered. In Fig. B was 
shown the torsional elastic limit of annealed electrolytic-iron wire, 
and the very marked drop around the same temperature was again 
clear. 

With regard to the specific heat, the position was curious. The 
present authors found no indication of those points, but he could 
not understand how any set of experimental errors or conditions 
could have led to the peak at 120°C. in Dearden’s work, 1.e., at 
exactly the temperature at which there was any amount of evidence 
to show that something abnormal was happening. Naeser, as 
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would be seen from the curve given in the paper, also found a peak 
at the same temperature. 

He would like very briefly to give one or two examples of the 
results of very widely different work by different investigators, all 
of which had shown that, at any rate so far as the mechanical pro- 
perties were concerned, these points were of real significance. Fig. C 
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showed the modulus-of-rigidity/temperature curve of mild steel as 
determined by Lea, whose experimental work was very good. The 
marked changes at 120° C. and at 220-230° C., at which many other 
properties changed, were obvious. 

Fig. D represented the fatigue limit determined by Cuthbertson 
for a 0-3% carbon steel. The drop at 120-135°C. was marked. 
Whether the atmosphere in which the test was made was air or 
nitrogen did not appreciably alter the curve around that temperature. 
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Robin discovered this point in his acoustical work (Fig. E). The 
decrease in the period during which a bar would ring when struck a 
standard blow as the temperature was raised to 120-150° C. was 
clear. He also found that the effect of cold-work, so far from in- 


3 ANNEALED AFTER COLD WORKING 
2 4 STEEL COVE (COLO WORKED) 


QURATION OF SOUND IN SECONDS 














rT —_ ae ae ee T = 
ovrunrso 100 150 200 250 500 
TEMPERATURES. 


Fic. E.—Variation of Resonance with Temperature. Soft steel stressed in 
the cold (Robin, Iron and Steel Institute, Carnegie Scholarship Memoirs, 
1911, vol. 3, p. 172, Fig. 29). 


ducing the existence of those points, tended to wipe them out. 
There was other and quite good evidence in the same direction, the 
maximum-stress/temperature curve being a very good example. 
He thought it could be regarded as definitely proved that the 
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existence of those points was not in any way due to cold-work. 
Robin further showed that quenching did not eliminate this point, 
which was found in quenched, cold-worked and annealed material. 

Fig. F showed the results of unpublished tests on the unlubricated 
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wear of steel against steel as a function of temperature. These were 
carried out by E. Jones, of the Engineering Department of the 
University of Manchester, and showed a sudden increase of the 
wear at a temperature of around 120°C. This suggested some 
connection with the so-called ‘“‘ Whitaker ring,’’ which Herbert be- 
lieved to be due to the change in machining properties at the same 
temperature. 

Passing on to consider some of the work with which he had been 
associated, most of which had been done by measuring the torsional 
elastic limit of wires, he showed in Fig. G the curve for a 1% carbon 
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steel in the annealed state. The curves for a 0-4% carbon steel in 
the cold-drawn condition and a 3% nickel, 0-3 carbon steel, to be 
published later, showed the 120° C. point as clearly as did the plain 
carbon steel. 

The authors in their paper had mentioned the possibility of mag- 
netic effects playing some part. The curve for the same 3% nickel 
steel redetermined in a furnace with a soft iron screen showed no 
essential difference. It was therefore possible, as was indicated in 
the paper, to rule out magnetic effects as being responsible. 

Most of the work that he had done so far was concerned with the 
torsional elastic limit. As an entirely different line of research an 
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interferometer type of apparatus had been built up, and was now 
calibrated. Fig. H showed the results of a very careful series of 
determinations—made, he believed, for the first time—of Young’s 
modulus for a mild steel. The figures represented two completely 
separate sets of determinations, the rings representing one set and 
the black circles a second. The curve was strikingly similar to that 
obtained for the elastic limit, and it was reproducible. There was 
here a new method of investigation which seemed well worthy of 
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further exploration, particularly as it was possible to use com- 
paratively small samples of material and to ensure a very uniform 
temperature distribution throughout. He thought, therefore, that 
it could be said that, whatever might be the case with pure iron, so 
far as the material with which the engineer and the metallurgist were 
normally concerned, abnormalities of a profound and important 
character did occur. He might be prejudiced, but he still regarded 
those abnormalities as worthy of a very great deal of further 
research. 


Dr. EzER GrirFitus (Teddington, Middlesex) congratulated the 
authors on the clear way they had marshalled the facts. He added 
that he was primarily interested in the question of specific heats. 
Dr. Sykes and Mr. Evans had referred to work which the speaker 
had carried out twenty-five years ago. He had used the short- 
temperature-interval method. A block of the iron under test was 
fitted with an internal heating coil and a resistance thermometer. 
The energy required to raise the temperature by about 14° at various 
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mean temperatures was measured. Naeser’s method was to measure 
the average specific heat over wide intervals of temperature, and the 
speaker agreed with Dr. Sykes that such a method did not lend itself 
to finding irregularities in the specific-heat/temperature curve in 
spite of Naeser’s claims. 

He strongly supported Dr. Hatfield in suggesting that when 
someone discovered apparent abnormalities, specimens of the steel 
should be handed over to other investigators to test with a different 
set-up of apparatus. 

He was rather surprised that attempts had not been made to 
correlate the abnormalities with the changes of structure of the 
material, if any. He mentioned the experience which he and his 
colleague Dr. Powell had recently had in some tests on micas, the 
thermal conductivity of which was measured at various temperatures 
up to about 600° C. It was found that phlogopite micas showed, in 
varying degree, a pronounced decrease in thermal conductivity in 
the region of 200° C., amounting in some cases to about one-third of 
the initial values. The decrease was only partially reversible on 
cooling. The muscovite micas tested did not show this effect, and 
their thermal conductivity changed but little with temperature. 
Subsequent examination of these micas by means of X-ray crystal 
analysis had revealed the fact that in those samples which suffered 
an appreciable change in conductivity, the elementary crystals 
composing the mica lamine become displaced from their ordered 
setting at approximately the same temperature as that at which 
the thermal-conductivity change occurred. 

The mass of evidence which had been brought forward regarding 
the existence of abnormalities in mechanical properties was such 
that it merited serious consideration. They were justified in asking 
the investigators not to confine themselves to one particular piece 
of apparatus, and also to correlate the effects with other properties 
of the material. 

In regard to the specific-heat results, he agreed with Dr. Sykes 
that the evidence was against the real existence of irregularities of the 
magnitude postulated by Naeser. 





CORRESPONDENCE. 


Dr. G. Nauser (Duisburg-Huckingen, Germany) wrote that the 
authors’ determinations were certainly very applicable to the 
provision of a further elucidation of the problem of the abnormalities 
in iron below the A, point, particularly if considered in conjunction 
with the recently published work of Zuithoff,1 to which reference was 
not made in the present paper. It should be noted at once that 


1 A.J. Zuithoff, Proceedings, Koninklijke Akademie van Wetenschappen te 
Amsterdam, 1938, vol. 41, No. 3, pp. 264-274. 
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Zuithoff, who, like the writer, used the calorimetric method of mix- 
tures, also found a series of irregularities in the temperature curve 
of the average specific heat. The temperatures agreed well with 
those of the writer and the points were reproducible (Zuithoff, loc. 
cit., p. 266). That at once disposed of the present authors’ sugges- 
tion that a different evaluation of the determinations could lead to a 
curve without irregularities. 

In his own work, the writer had already stated that the true- 
specific-heat curve of Klinkhardt differed from his own curve derived 
from the heat contents. The authors had likewise made a direct 
determination of the true specific heat (average specific heat over a 
narrow temperature range). These precise measurements agreed 
with those of Klinkhardt’s investigation; no irregularities could be 
recognised. The only values of the directly-determined true 
specific heat which showed an abnormality were those put forward 
by Dearden and by Schulze and Moser. The irregularities occurred 
at 115° and 680°C. If it were assumed that Dearden’s measure- 
ments were inaccurate and that the irregularity at 680° C., which had 
also been found in nickel by Schulze, was connected with the Curie 
point, then it appeared to be very probable that the abnormalities 
occurred only during quenching or were brought about by the 
quenching. 

It was very interesting that Zuithoff had been able to show that 
the irregularities (which he had found at 272-285°, 380-390°, 
395-404°, 500-525° and 602-610° C., loc. cit., p. 266) disappeared if 
the specimen were de-gassed for a long time in a high vacuum at 
above 950°C. They were then replaced by a very marked abnor- 
mality at 130-190° C. (loc. cit., p. 274), which Zuithoff regarded as 
real and a specific property of «-iron, which, unlike the other points, 
was not due to gases. 

Considering as a whole the experimental results of the meticulous 
researches referred to, it must be concluded that the problem of the 
irregularities below the A, point had not yet been fully explained. 
It was certain that a series of irregularities occurred in the average 
specific heat in the lower part of the « range. The probable finding 
that the irregularities were reduced by de-gassing to a single one (at 
130-190° C.), which was strengthened, required confirmation. On 
the other hand, the authors’ present determinations, in agreement 
with those of Klinkhardt, showed that there were no anomalies in 
the true-specific-heat curve. A decision might be possible by means 
of a series of measurements by the authors’ method on a specimen 
very heavily charged with gas and a repetition of Zuithoff’s ex- 
periment on the de-gassed specimen. Even then there would be no 
explanation why the anomalies were so numerous and why they were 
reversible. The opinion was forced on one that these phenomena 
were due more to a specific property of the iron, which was present 


1 See A. Schulze, Zeitschrift fir Metallkunde, 1935, vol. 27, p. 139. 
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in large quantity, rather than to that of the foreign elements that 
were present in only small traces. 


Professor Dr. W. A. Rots (Freiburg i. Br., Germany) wrote that 
he had read the authors’ paper several times with great care. The 
method which they had used was so much more appropriate than 
the method of mixtures that had been employed by Dr. Naeser and 
others, that he (the writer) also was now of the opinion that the 
discontinuities, which he likewise had observed weakly, when 
evaluated better, did not really exist. His former colleague, Dr. 
Naeser, had made his measurements very accurately, but when 
each value was taken “literally,” small errors had a very large 
effect in the calculation of the true specific heat. 

The authors’ excellent work eliminated any crux interpretum. 
He (the writer) had not considered Klinkhardt’s values to be very 
exact—he had noticed this in regard to thallium. 

No reference was made to the researches of Umino, but these 
were not of a high standard. Umino and his fellow-countryman 
Satoh worked with small quantities, sometimes with impure 
materials, and they overrated considerably the indirect method of 
mixtures. 


Dr. C. B. Post (Reading, Pa., U.S.A.) wrote that this research 
had served to clear away some of the perplexing questions raised by 
the reported abnormalities in the specific-heat curves for iron. 
It could be said that metallurgists in general were very reluctant 
to recognise Naeser’s reported abnormalities as belonging to the 
element iron, consequently this research which had just been re- 
ported had been awaited by many so that the validity of Naeser’s 
results could be judged. 

The present authors had shown quite clearly that abnormalities 
of the order of magnitude reported by Naeser did not belong to the 
iron lattice itself, but were they justified in disregarding the slight 
trend toward abnormalities as shown by their curves in Figs. 3, 
4 and 7? The writer was very hesitant in condemning Naeser’s 
results because of the clear-cut curves shown in his paper. 

If Dr. Sykes and Mr. Evans found no abnormalities of the same 
order of magnitude as those shown by Naeser, there must be some 
reason, other than experimental error, for these wide discrepancies. 
Concerning the experimental errors, it would be sufficient that the 
method used were of high precision as regards relative measure- 
ments, and it was felt that the apparatus both of Naeser and of the 
present authors should answer this requirement, disregarding for 
the moment the absolute value of the specific heats. The most 
that the writer was inclined to grant the authors was that their 
abnormalities were not of the order of magnitude shown by Naeser, 
but that a trend existed in their curves towards a feeble substantia- 
tion of Naeser’s “ breaks.” 

















158 P SYKES AND EVANS: SPECIFIC-HEAT/TEMPERATURE 


During the past year the writer 1 published the results of some 
experiments on the diffusion of hydrogen through very carefully 
purified carbonyl iron (“ Mehl” iron) at high temperatures (800- 
1125° C.). A series of breaks was found in the hydrogen diffusion 
isobars, not unlike those shown by Naeser. The temperatures of 
these breaks were as follows: 835°, 949°, 1010°, 1056°, 1082° and 
1103° C., with indications of breaks at higher temperatures. This 
series of temperatures (when expressed in Kelvin degrees) could 
be fitted to a Ritz formula, as follows: 

where, N = 6, 7, 8, 9, 10 and 11, and C = 13,430 + 30 for the break 

starting with N = 7, while C = 13,301 for the break with N = 6. 


This difference in the constant was attributed to the fact that the 
break with N = 6 (835° C.) was in the body-centred phase, while 
all the others were in the face-centred phase. A recent research 
of the writer would be published in the October, 1938, issue of the 
Journal of Chemical Physics, entitled “ Diffusion of Hydrogen 
through Nickel.” None of the abnormalities such as were found 
above in iron was observed on the hydrogen-nickel isobars, except 
for a discontinuity at the Curie point in nickel. 

The above breaks for iron had been privately attributed to the 
hydrogen ions rotating about the lattice points, not unlike an electron, 
except that the negative attractive force of the iron atom was due 
to an exchange effect with the free electrons, or with its neighbours. 
Thus, the attractive force of such a negatively charged particle 
would be very small, and it was conceivable that such an interplay 
of forces might exist between the iron atom on the lattice point 
and the hydrogen ion (H*) to give rise to discrete energy states, 
as were ordinarily associated with the Ritz type of formula. 

Naeser’s results could be fitted to the formula : 


T(° K.) = 94-5 x M, 
where M = 4, 5, 6, 7, 8, 9. 


Such a formula was generally associated with a rotating diatomic 
molecule, and if it were assumed that k7' represented the rotational 
energy of such a molecule, then the moment of inertia could be 
found : 





_(WJ+ Wh) 
4n*Ic /° 

This was found to be 0-84 x 10 erg-cm. Although the moments 

of inertia of diatomic molecules were generally higher than this 

value, this FeH molecule (if it existed at all) was inside the metallic 

lattice, and there was no experimental evidence bearing on the shape 


1C. B. Post and W. R. Ham, Journal of Chemical Physics, 1937, vol. 5, 
No. 11, pp. 913-919. 
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or possibility of such a “molecule.” The distance between the 
iron and hydrogen atoms would be about 0-72 A. 

Now, taking 20 x 10% as the solubility of hydrogen in iron 
at 600° C., then the number of mols of hydrogen in 100 g. of iron 
was 2 x 10-4. The energy absorbed by 2 x 10+ of these FeH 
rotators, assuming the absorption of energy to take place in very 
narrow temperature limits, would be 0-038 cal. per 100 g. of iron. 
Taking 11-8 cal. per 100 g. of iron as the specific heat of iron in 
this region, one reached the conclusion that an accuracy of 0:32% 
would be needed to detect this change, if the FeH molecule existed 
in the lattice, and absorbed its rotational energy at these critical 
temperatures. 

The possibility that FeN was the rotator showed that the © 
percentage error could be about 1% and the abnormalities still be 
detected. This was because the solubility of nitrogen in the «-iron 
lattice was about 10° times that of hydrogen. 

In view of the above rough calculations (and the writer wanted 
it to be clearly understood that they were pure assumptions made 
only to explore in a preliminary manner the cause of Naeser’s and 
the authors’ results) it would seem that further work on this 
phenomenon would be justified. Our knowledge of the solid state 
(especially the abnormal metal iron) was not so complete that we 
could afford to overlook the possibility that here might be some 
fundamental phenomenon worthy of investigation. 

Dr. Sykes and his collaborators were to be congratulated on 
their fine experimental treatment in this research and their other 
work associated with ‘“ order-disorder ” transformations. 


Mr. W. H. DEARDEN (Bristol) wrote that he had been looking 
forward to the results of the work of Dr. Sykes and Mr. Evans with 
the greatest interest, because he felt sure that with their experimental 
methods they would be able to prove satisfactorily that iron showed 
no abnormalities in regard to specific heat up to temperatures of 
at least 400°C. He was therefore neither surprised nor disappointed 
that they had been unable to confirm the existence of an abnormal- 
ity at 120° C. which he had reported in 1928. Dr. Sykes and Mr. 
Evans had, on the contrary, produced evidence and arguments 
which supported the idea that the multitudinous change points and 
abnormalities which had been reported from time to time did not 
really exist, but were the result of some fortuitous circumstance 
such as those mentioned on p. 140 P of the paper. This was a view 
which he had now held for several years in spite of the encourage- 
ment to think otherwise caused by the appearance of Naeser’s work. 

He was quite prepared to admit the justice of the authors’ 
criticisms of his work, particularly in regard to the necessity for 
checking the working of the apparatus by carrying out experiments 
with a metal known to be free from abnormalities. The authors 
had very kindly refrained from mentioning another important point, 
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namely, that a second series of measurements should have been 
made with the iron specimen itself. It was, however, not possible 
to carry out either of these series of tests when the work was carried 
out (1927), because a change of posts resulted in his moving from 
the academic to the industrial world and he had not since been 
able to do any further work on the subject. 

Dr. Sykes and Mr. Evans would therefore appreciate that he was 
fully prepared to accept their results, which seemed to him to re- 
move any doubts that iron, below the A, point, did not behave 
perfectly normally, and he would like to congratulate them on an 
excellent piece of work. He would be wasting his own time and 
theirs by attempting to defend a position which, concerning pure 
iron, he now felt was untenable, particularly in view of the fact that 
the work that he had carried out in Professor Benedicks’ laboratory 
on the magnetic changes in iron below 400° C. did not lend support 
to his own specific-heat measurements. 

He hoped, however, that the appearance of this paper would lead 
to a wider interest being taken in the whole matter. 


Dr. H. Moser (Berlin-Charlottenberg) wrote that the authors’ 
research was of particular interest to him, because in 1934 he had 
been engaged on an unpublished preliminary investigation of the 
same problem and had come to the same conclusions as the authors. 
He had used a similar method to determine the specific-heat/tem- 
perature curve of iron (in an argon atmosphere) in the temperature 
ranges 90-135° and 180-220° C., using a specimen which Naeser 
had examined. Contrary to Naeser’s experience, he could find no 
anomalies in the temperature ranges mentioned, even though the 
experimental accuracy of his method (for the true specific heat) was 
at least + 0-5%. The authors’ profound researches strengthened 
his view that in the interpretation of Naeser’s observations an un- 
known influence had been overlooked. According to another, more 
recent, investigation by A. J. Zuithoff,1 it was very probable that 
this influence was due to residual quantities of gas (presumably 
hydrogen) dissolved in the iron, so that Naeser’s anomalies (above 
200°) were not characteristic of pure gas-free iron, but of iron con- 
taining gas. It was also to be assumed that such an influence of 
gas would make itself noticeable in very different ways, according 
to the type (rate of change of temperature of the test specimen) 
of method of measurement used. 





AUTHORS’ REPLY. 


The AuTHoRs replied that they were very much indebted to the 
various contributors to the discussion. 


1 Proceedings, Koninklijke Akademie van Wetenschappen te Amsterdam, 
1938, vol. 41, p. 264. 
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The conclusion that they had drawn from their experimental 
work was that no abnormalities occurred in the specific-heat/tem- 
perature curves of commercially pure irons in the temperature range 
100-450° C. The experimental method, technique and results 
leading to this conclusion had received no serious criticism. 

Dr. Hatfield mentioned two possible sources of inaccuracy in 
their experimental method: (1) The thermal lag between the heat- 
ing coil and the specimen, and (2) the temperature gradient in the 
specimen. Both of these points had received attention;1 with 
regard to (1), the time constant of the arrangement was about 5 sec., 
and as determinations of specific heat were confined to readings 
taken after the power input to the coil had been constant for at 
least 2 min., no appreciable error could arise. The temperature 
gradient across the specimen was about 0-1° C. and fluctuated very 
slowly. Dr. Post referred to the “slight trend ” towards abnor- 
malities as shown by the curves in Figs. 3, 4 and 7; this trend was 
very difficult to see. Bearing in mind that the relative experimental 
error was of the order of + 1%, the authors considered the devia- 
tions of the experimental points from the smooth curves as ex- 
perimental error, and emphasised that such deviations provided 
no justification fer speculation as to abnormalities in the lattice 
structure of iron. 

Dr. Naeser referred to the work of Zuithoff ? which appeared after 
the present paper had been written. This investigator used a 
method similar to that of Dr. Naeser and worked with a specimen of 
electrolytic iron. He confirmed discontinuities from 200° C. to 
500° C. at intervals roughly in agreement with those reported by Dr. 
Naeser, but found that they gradually disappeared after the speci- 
men had been heat-treated for some hours at 900° C. in vacuo. 
Finally, they all disappeared and a new one appeared at 155° C., 
which, according to Zuithoff, was really typical of iron. This 
residual anomaly at 155° C. gave a maximum specific heat of 0-139 
cal. per g., i.e., an increase of about 20%, and could easily have been 
detected in the authors’ experiments ifit occurred. Zuithoff claimed 
that his mean specific-heat determinations were reproducible to 
0-1-0:2%; an examination of his results showed either that this 
was not the case or that additional anomalies existed. 

Dr. Naeser was of the opinion that Zuithoff’s work supported 
his own. This seemed doubtful in view of the fact that Dr. Naeser 
worked with vacuwm melted electrolytic iron and still found large 
discontinuities. Moreover, it did not dispose of the fact that the 
discontinuities reported by Dr. Naeser at 292° and 481° C. could not 
be justified on the basis of his experimental results. 

The authors much appreciated the considered opinions of Dr. 
Griffiths, Professor Roth and Dr. Moser, who were actively engaged 

1 Sykes, Proceedings of the Royal Society, 1935, vol. 148, p. 422. 

2 A, J. Zuithoff, Proceedings, Koninklijke Akademie van Wetenschappen te 
Amsterdam, 1938, vol. 41, No. 3, p. 264. 
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in experimental work similar to that described in the paper. The 
contribution by Mr. Dearden was very welcome, as he too had 
experience of this class of work. It was satisfactory to note that 
they were in agreement with the conclusions arrived at by the 
authors. The results reported by Dr. Moser obtained on one of Dr. 
Naeser’s actual specimens were particularly valuable, and to some 
extent anticipated one of Dr. Hatfield’s valuable suggestions. 

Two possible explanations had been given for the appearance of 
anomalies in the specific heat reported by other investigators: (1) 
Experimental errors, and (2) effects of hydrogen or dissolved gases. 
Until further experimental work had produced more substantial 
evidence than was at present available, no definite conclusion as to 
which was the correcteexplanation could be formed. It might be 
that both explanations were necessary. 

Professor Thompson presented the case for the existence of 
abnormalities in other properties of iron in a very convincing manner. 
(In a controversial subject of this type the results on thermo- 
electric power should be disregarded, as they had been contradicted 
by Heraeus—see section VII.) The present paper provided only 
negative evidence regarding such abnormalities—i.e., the explana- 
tion was not to be found in any marked changes in the iron atom 
itself or the iron lattice. The authors were of the opinion that the 
weight of evidence indicated that these abnormalities were associ- 
ated with structure-sensitive properties, and agreed with Dr. Grif- 
fiths, Dr. Hatfield and Professor Thompson that further intensive 
research would be necessary before they were understood. Con- 
sideration of Figs. B to H would suggest that quite a number of the 
abnormalities were not inter-related, cf. Fig. C and Fig. H. Further 
research on these matters might be directed with advantage to the 
detailed examination of some particular discontinuity, in an en- 
deavour to find what factors influenced it. 
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THE NEW STEEL PLANT OF THE MYSORE 
IRON AND STEEL WORKS, BHADRAVATI, 
INDIA. 


By D. V. KRISHNA RAO (Buapravatt, Inp1A). 


(Fig. 2 = Plate IX. Fig. 7 = Plate X.) 


SUMMARY. 


The paper gives a brief account of the above plant in India. 
After describing briefly the fuel, iron ore and other materials required 
for the manufacture of pig iron, the salient features of the construc- 
tion and operation of the blast-furnace are dealt with. The new 
small basic open-hearth furnace is then described in great detail. 
The principal constructional features, the leading dimensions of the 
furnace, and the various improvements effected in the refractory 
lining are given. Full details of the producer-gas plant, valves, ladles 
and ingot moulds are also furnished. Steelmaking practice is then 
described, and emphasis is laid on the very short interval between 
the tapping of a heat and the commencement of the next charge, 
this feature being mainly responsible for obtaining 28-31 heats per 
week, The method of teeming rimming and killed steels is described 
in detail. The special procedure adopted when teeming killed steels 
is claimed to give very sound ingots and results in a very small 
percentage of rejections at the mills. The extent of the major 
repairs after a campaign and the approximate quantities of materials, 
including the various refractories, are furnished. A brief description 
of the reheating furnace and the rolling mills attached to the steel 
plant, together with the principal operating features and the extent 
of the rolling programme, completes the paper. 


INTRODUCTION. 


THe Mysore Iron and Steel Works is situated at Bhadravati, a 
small town near Shimoga in the western part of the Mysore State. 
This particular place was chosen as the site for the factory on 
account of its proximity to the iron ore mines, forests, and a big 
perennial river. The blast-furnace, which was at first designed to 
make 60 tons per day (raised to 80 tons in 1928), was blown in 
in 1923. There is further provision to enlarge it to 100 tons 
Capacity. 
THE BLASt-FURNACE. 


The fuel for the blast-furnace is charcoal, which is made in 
modern retorts with arrangements for the recovery of the wood 


1 Received May 27, 1938, 
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distillation by-products. The rated capacity of this plant per day 
is about 70 tons of charcoal, 6 tons of calcium acetate, 600 gallons 
of methyl alcohol and 4 tons of tar. Since 1931, the market for 
the chemical products produced in the works has fallen off suddenly 
and the manufacture of charcoal by this method is no longer 
considered economical. Now, only a part of the plant is kept in 
operation to supplement, whenever 
necessary, the supplies of charcoal 
from the forests and to meet the 
limited demand for chemical by- 
products. The main supplies of 
charcoal come from the forests, 
where it is manufactured on a large 
scale by the old methods. The char- 
coal so made is packed in gunny 
bags and brought to the rail-head by 
carts and lorries. The bags are then 
transported over the works tram- 
ways, of which there is a network. 
: The iron ore deposit, which is 
= mainly hematite mixed with 
limonite, is found in a long range 
of hills situated at a height of about 
4800 ft. above the sea level, and 
about 25 miles from the factory. 
The mine is worked on the surface 
only. The hill is cut at levels of 
50 ft., dynamite being used for 
shattering the deposit. The iron ore 
*72 "Dia: lumps are stacked after grading. 
Careful attention is paid to the 
grading so as to ensure a uniform 
analysis of different stacks. The 
ore is then sent down through chutes 
into the buckets which are attached 
| ato’oa | eI to the rope of an aerial ropeway 
| ~~ --¢ cndernotch _ system, the length of the rope being 
| 3 — _ way. The ity 
; 7 terminal of the ropeway, which is 
an Pe Blast- the terminus of the ve nici is 
about 2500 ft. down the hillside. 
The ore is stored in bunkers provided with chutes at the lower 
terminal, from which they are loaded into bottom-discharging 
hopper wagons. These wagons discharge directly into the special 
bunkers at the factory, from which the ore is fed to the ore crushers, 
situated near the blast-furnace. Ordinarily the ore is crushed down 
to about 1} in. size, the resulting material containing about 20% of 
dust. 
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The principal iron ore, referred to above, is deficient in both 
silica and manganese, hence the ore burden for the blast-furnace is 
mixed with a special siliceous ore and with high-manganese ore. 
The analyses of the materials used in the furnace are given in 
Table I. 


Taste I.—Analyses of Raw Materials Used at the Works. 








At the Blast-Furnace 

Iron Ore. Siliceous Ore. 

Loss : . 8:95% SiO, , . 59:0% 

aa . 254% Fe . . 275% 

Fe . : . 58-53% (FO, 83-59%) 

Al,O;  . - 5:00% Manganese Ore. 

Mn : $ Trace up to 0:04% Mn. - . 35-60% 

es ; - 0:05% Fe . : . 17-50% 
(ae : - 0-069 

Limestone. sid, . : 11-4047 

— ; : pi, Al,O; , - 0:80% 
i ; ° 80% 
Al,O, : ; 085% Phosphatic Nodules. 
CaO : - 48:30% Loss ‘ - 937% 
MgO : - 1:86% SiO, ‘ - 206% 
M 90/ 
nO : - 0:82% Al,O3 . - 1:16% 
Fe,0, ‘ - 429% 
\ ee . - 11-50% 
CaO , . 44-79% 
MnO ° - 0:02% 
At the Open-Hearth Furnace. 

Pig Iron. Tron Ore. 
i>. 0-5-1-10% Fe . ‘ - 66-80% 
Mn 0-5-1:00% Mn . ° . Trace 
ie % ; - 012% as ; - 0:004% 
ae : . Trace to 0-:02% SiO, ° - 054% 

Al,O3_ ‘ - 060% 

Manganese Ore. Combined water 3:09% 
Mn : . 44-64% 

SiO, ; : 9-06% Limestone. 

Gas Coal ar “310% 
as Coal. 10 : - 857% 
Moisture . - 1:55% Bes + Al,O; . 49-608 
Ash ; . 12-40% a ° ° "00% 
Volatile matter 35-50% MgO . - 3:00% 
Fixed carbon . 50-50% 

| Sulphur . - 04% 











The limestone required for the blast-furnace is obtained also 
near the works tramways, from a place situated about 12 miles 
from the factory. 

The blast-furnace is of modern construction, and is provided 
with all the necessary auxiliaries, such as charging apparatus, hot- 
blast stoves (four), &c. The furnace lines are shown in Fig. 1. It 
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is provided with six water-cooled copper tuyeres (12 in. x 34 in.). 
The tuyere jacket is cooled by two rows of cooling plates, as is also 
the lower part of the shaft just above the mantle plate. The 
hearth jacket is also cooled by vertical cooling plates. The 
consumption of cooling water at the furnace and hot-blast stoves is 
about 1-45 million gallons per day. 

The furnace is supplied with blast by a reciprocating steam 
engine. The blast blown varies between 5000 and 7000 cu. ft. per 
min. at about 5 lb. pressure. The temperature of the blast is 
between 800° and 1000°F. The gas from the top of the blast- 
furnace passes through an ordinary type of dust-catcher and then 
through a special whirler, and analyses CO, 9-8%, oxygen 0:2% 
and CO 26-89%. The gas cleaning is not satisfactory, and before 
entering the stoves the gas contains about 0-6 grains per cu. ft. 
The question of cleaning of the gas further is under considera- 
tion. 

The furnace makes all grades of pig iron, from about 0:3% up 
to 3-5% in silicon, with varying percentages of manganese. The 
phosphorus content in all normal grades is from 0-1 to 0-12%, 
higher percentages of phosphorus being obtained by the use of a 
special phosphatic ore. Practically no sulphur is found in the pig 
iron, the maximum obtained being 0-015%. The furnace makes 
six casts a day, once in four hours, making about 80 tons per day. 
Extracts from two typical burden sheets containing particulars of 
operation are shown in Table IT. 


TaBLE II.—£xtract from Typical Blast-Furnace Burden Sheet. 





| 
(1) When making 
Higher-Silicon Pig (2) When making 
Iron, Basic Grades. 

Charge. 

Charcoal . ‘ : 2 1800 lb. 1800 lb. 

Tron ore . . ‘ aa 3100 ,, 3300 ,, 

Manganese ore ; “ 30 ,, 30 5, 

Siliceous ore. : . 200 ,, 200 ,, 

Limestone ‘ ‘ ; 220 ,, 230 ,, 

Blast-furnace slag. P 200 ,, 200 ,, 
Product. 

Forthe day . ° ° 75-7 tons 81-0 tons 
Average Analysis of Pig Iron. 

Bi. . ‘ : : 181% 0-76% 

Mn ‘ ; ; ; 0:54% 0-38% 

Ps ‘ . ; ; 0-11% 011% 
Average Analysis of Slag. 

Sid, . : ; : 36-60% 37-00% 

Al,O,; .. : ; : 27-80% 27-50% 

CaO 5 . . ; 31-73% 29-29% 
Charcoal Consumption per Ton 

of Pig Iron . ° : 0-98 tons 0-9 tons 
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Fia, 2.—General Layout of the Mysore Iron and Steel Works, Bhadravati, Indi 
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STEEL PLANT. 


In order to dispose of the surplus pig iron and to meet the local 
demand for mild-steel sections, the installation of a small steel 


1 ft. 


Scale 3 in, 


pen-Hearth Furnace. 
iginal bottom, 


The chamotte is the or 


Fia. 4.—Half Section and Half Elevation of the O 
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plant, consisting of a basic open-hearth furnace and a rolling mill, 
together with the necessary accessories, was decided upon in 1934. 





MYSORE IRON AND STEEL WORKS. 169 P 


The actual construction of the plant was commenced in the early 
part of 1935. The open-hearth furnace was started in March, 1936, 
and the rolling mill in April of the same year. 

Fig. 2 gives the general layout of the steel plant. It will be 
noticed that the storage yard for coal is very extensive. This is 
because this material must come from long distances, and large 
quantities therefore have to be kept in stock always. 

In the buildings for the open-hearth furnace, provision has been 
made for one more open-hearth furnace. The location of the gas 
plant and the chimney in relation to the furnace is in accordance 
with modern practice. Fig. 3 gives a cross-section of the gas plant, 
chimney and the pit side. 

The furnace has a rated capacity of 25 tons and is of modern 
design. It is provided with standard port ends and projecting gas 
and air chambers. Fig. 4 shows the furnace in half section and 
half elevation. The principal dimensions of the furnace are given 
in Table III. It is provided with three charging doors protected 
by water-cooled frames. The doors are operated by compressed 
air. The air and gas flues are each provided with independent 
dampers worked by hand winches in addition to a common damper 
near the chimney. The valve plant comprises one shut-off gas valve 
for hand operation, and one gas reversing valve of the Forter type, 
now operated by hand but to be operated by an electric device 
shortly. The air changing valve is of the simplex type, also 
operated by hand. The chimney is 200 ft. high and is lined with 
9-in. firebrick up to 100 ft., above which a 44-in. firebrick lining is 
backed with 44-in. ordinary red brick next to the shell. The inside 
clear diameter is 5 ft. throughout. The draught in the air flue 
between the reversing valve and the regenerator is about 0-5-in. 
W.G. An electrically driven fan is provided for supplying the 
furnace with forced draught. This is now regularly used and is 
found to give better results than natural draught. The fan has 
a capacity of 125 cu. m. of air per min. at a pressure of 100-120 mm. 
W.G.; it is driven by a motor of 14 h.p. 

The original lining of the furnace was composed of all silica 
bricks for the front and back walls, ports (air and gas), &c. After a 
few months’ operation it was noticed that bottom troubles were 
increasing on account of an excess of melted silica entering the 
banks and the bottom. These troubles were also partly due to the 
use of a large percentage of cold sand-cast pig iron. Besides, as 
silica bricks are somewhat expensive in this locality, the question 
of minimising the use of silica bricks and replacing part by cheap 
local chrome ore was always being considered. At first the front 
and back walls above the magnesite bricks were built of natural 
chrome boulders (about 9 in. cube), the cementing material being a 
mixture of fine chrome powder and magnesite cement. This was 
found to be fairly successful. Later on, the sides of the gas port 
and the partition between the air and gas ports were also built of 
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TaBLe III.—Principal Dimensions of the 25-Ton Basic 
Open-Hearth Furnace. 





Hearth at Foreplate Level. 


Length . : : 4 . 27 ft. 0 in. 
Width . : : : : . 10 ft. 6 in. 
Depth (at tap- -hole) - 22 in, 
Height of roof crown above foreplate . 5 ft. 0 in. 
Gas Port. 
Area (at opening into furnace) ; - 347-18 sq. in. 
Length ; ‘ ; + > 2 doen. 
Epeiention : Bed . pane: vib ©» 13°} to the horizontal. 
Air Port. 
Area +" opening into — > - 1500 sq. in. 
Len ° : é 7 ft. 6 in. 
Inclination Bed . ‘ : : i 30° to the horizontal. 
Area of — 
Gas ° . . ‘ - 637-56 sq. in. 
Air (two) . ° ° . : - 1388-76 sq. in. 
Checkerwork. 
Size of bricks ° . ; x " 9 x 44 x 2}hin. 
Size of flue . . . ; . . 4 ‘ hed in, 
Weight per cu. ft. - 476 
Free downward area per horizontal checker 
area - 865% 
Effective heating surface per c cu. ft. ‘. 5-33 sq. ft. 
Slag Pockets. 
a : ° : ‘ , - 16 ft. 6in. x 7 ft. 1,5 in. 
Gas. ° , ‘ . : - 16 ft. 6in. x 6 ft. 0,5 in 
Flues. 
wd J opening into regenerator Two. ‘ 4 oy 
Flue area: Air. ; . . 14-178 q. ft. 
Gas 8-10 sq. ft. 
Length from regenerator: opening to revers- 
ing valve: Air . . . 20 ft. 8 in. 
Gas. 36 ft. 14 in. 
Length of flue from reversing valve (centre) 
to chimney damper: Air . . 29 ft. 9 in. 
Gas . : . 18 ft. 3 in. 











this material. The results were much better than when using 
silica bricks in these places. This method of construction was later 
found to give other troubles during operation, as large pieces of 
chrome ore used to detach themselves and obstruct the flow of 
gas. The removal of these pieces was often laborious. With a 
view to avoiding this trouble, it was decided to use chrome ore 
briquettes, unburnt. These are made by ramming with pneumatic 
rammers a special mixture of fine chrome powder, fine magnesite 
cement and small pieces of chrome ore, -in a special form made of 
thin mild-steel sheets (,1, in.). In other words, metal-case chrome 
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briquettes were made. These gave much better results and are 
now being regularly used. The sides of the gas ports up to the 
level of the skew-backs are built of silica bricks, the skew-backs 
themselves being made of rammed chrome-magnesite mixture. 


«, Chrome Ore 
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Fie. 5.—New Cooling Arrangement for Gas-Port Skew-Backs, 
Scale } in. = 1 ft. 


As a further improvement in prolonging the life of the gas 
ports, a simple method of water-cooling the skew-backs of the gas 
ports was devised (Fig. 5). As a result of all these improvements, 
the life of the furnace has increased from a little less than 100 
heats to 282 heats per campaign.? 

The front and back walls have been made more sloping than 


1 Since this paper was written, the furnace has made another campaign 
of 310 heats. 
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was provided for in the original design. The firebricks for the bottom 
below the magnesite bricks have now been replaced by rammed 
chrome. A cross-section of the bottom, as it is at present, is shown 
in Fig. 6. 





_Fore Plate 





Zo" 






eps Magnesle re MHC 
Zz Ld Magnesite 6rick ZV, Uy 
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Fic. 6.—Section of Open-Hearth through bottom, front and back walls; 
modified bottom as now existing. Not to scale. 








NoTEsS ON THE OPERATION. 


Gas Plant.—There are two gas producers with revolving 
grates, without cooling jackets, but with mechanical slag-removing 
devices. The driving mechanism is an eccentric-and-rod system 
operated by a common motor. Each producer is provided with a 
filling hopper and a distributing cone and closing device. On the 
operating platform are provided pressure gauges for the gas, air 
and steam, and thermometers for indicating the temperature of 
the mixture of air and steam. Each producer is connected to a 
dust separator and then to a common cylindrical main, which is 
also provided with three conical bottoms for the removal of fine 
dust. One hot gas valve is provided for each producer. Explosion 
flaps are fixed at suitable places. An air blower, with a capacity 
of 75 cu. m. per min. at a static pressure of 400 mm. W.G. and 
operated by a 10-h.p. motor, is situated close to the producer 
building. In case of stoppage of the blower motor, a special 
arrangement has been made for supplying air through an injector. 

The coal used is the best gas coal available in the country, the 
analysis of which is shown in Table I. The size of coal used is 
14-2 in., and great care is taken to see that the proper size of coal 
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is fed into the producer. The normal pressure of gas used varies 
from 1} in. down to about # in. W.G., the higher pressure being used 
during the melting stage. At the end of the week a pressure of 
2-24 in. W.G. will sometimes be required. The ash bed and fire 
zone are normally maintained at about 10 in. and 3-34 ft. in depth, 
respectively. An average temperature of 45-48°C. is maintained 
for the air-steam mixture. The average gas analysis is CO, 4%, 
illuminants 0-6%, oxygen 0:-6%, CO 26-5%, and hydrogen 10-5%. 
The gas mains are blown down regularly every Sunday with the 
aid of steam at a pressure of about 150 lb. per sq. in. Occasionally, 
when it is noticed that the gas pressure at the producers is high, 
the mains are partially cleaned during the week by means of 
compressed air injected through small holes provided in the 
explosion flaps. 

The consumption of coal is 0-247 ton per ton of ingots 
(average for one full campaign), including the coal used for 
the preliminary heating prior to the first charge. This figure 
also includes the coal used for charging into the furnace, which is 
invariably done when the charge is found to consist of a large 
percentage of soft steel scrap. Deducting this the actual con- 
sumption at the producers works out to 0-232 ton per ton of ingots. 


STEELMAKING PRACTICE. 


The metallic charge of the open-hearth furnace has varied 
considerably during the last two years. At the commencement, 
60% of cold pig iron and 40% of steel scrap were used. For a few 
weeks a percentage even as high as 70% of pig iron was used. 
The use of hot metal direct from the blast-furnace was also 
attempted, but had to be abandoned for the present, as it was 
found impossible to synchronise the operations of the blast-furnace 
and the open-hearth furnace. Besides, it was very difficult to get 
a uniform quality of pig iron and the exact quantity required. 

From about the month of March, 1937, on account of the 
peculiar trade conditions existing, the supply of pig iron to the 
steel furnace was restricted. The charge was therefore gradually 
changed over to 60% of steel scrap and 40% of pig iron and 
eventually to 70% of scrap and 30% of pig iron. 

It is necessary to mention here that in this locality the quality 
of the steel scrap available varies very considerably. The absence of 
large steelworks in the neighbourhood and the consequent lack 
of demand till now for this material are responsible for the sellers 
of scrap mixing all kinds of ferrous material as steel scrap. Correct 
sorting of this kind of scrap is almost impracticable at the open- 
hearth furnace yard. In view of this, the calculation of the furnace 
charge always presents considerable difficulty. 

Mainly two varieties of steel are manufactured in this furnace, 
viz., rimming and killed, the former analysing 0-08-0-2% of carbon 
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and the latter 0-20-0-28%. It takes about 34-44 hr. for the charge 
to melt (the first sample after melting analysing about 0-7-1-:1% of 
carbon), and 1-14 hr. for working the heat. When the furnace is 
new (during the first 40 to 50 heats), the heats will take slightly 
longer. Normal working of a heat rarely presents any difficulty, 
as the percentages of phosphorus and sulphur are low. On account 
of a deficiency in manganese in the metallic charge, large additions 
of ferro-manganese to the bath are often necessary. When the 
carbon is about 0-4% a sample is tested under a pneumatically 
operated test hammer for freedom from red-shortness. Latterly 
the consumption of ferro-manganese has been appreciably reduced 
by suitable additions of manganese ore with the initial charge. 

The tapping of the furnace is normally a very easy process. 
After the mud plug and the dolomite are removed, the hole opens 
quite easily with the aid of a small punching bar. After the furnace 
is completely drained, the following procedure is adopted for 
closing the hole and the commencement of the charging for the 
next heat. 

As soon as the ladle is removed, the melter inspects the bottom 
of the furnace and, if it is in correct shape, gives a signal to the 
tapper to get ready to close the hole. As soon as the response to 
his call is received, a helper throws two or three shovelsful of iron 
ore into the tap-hole from the front. This is followed by a few 
shovels of lime and, if the tap-hole is too big, 2-3 shovels of 
dolomite, while the tapper on the other side packs it well with 
small-sized (about } in. and under) calcined dolomite and then with 
black clay. The charging immediately commences. It will be 
noticed that the interval between the tapping and the commence- 
ment of the charge for the next heat is remarkably short. On 
several heats this interval is as little as 5 min. The bottom is 
made so nicely and maintained so well that bad bottoms are 
comparatively rare. If any small hole is noticed and found to 
contain steel, it is immediately rabbled, and filled with magnesite 
and allowed to burn for some time while charging is going on 
through the other doors. Fettling of the banks with the calcined 
dolomite is done simultaneously with the charging. It may be 
stated that the cutting down to a minimum of the time for closing 
the hole and fettling is primarily responsible for obtaining 28-31 
heats in a week. Extracts from the daily log reports for a week 
are given in Table IV. 


CASTING PRACTICE. 


Bottom-pouring practice is adopted in this plant, as only small 
ingots have to be manufactured for the rolling mills. There are 
two sizes of moulds, one for four ingots and the other for two, the 
smaller ingots weighing 145 kg. each and the bigger ones 210 kg. 
The casting plate for the bigger ingot is designed to take 16 ingot 
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TaBLE 1V.—Log of 25-T’on Furnace for the Week ending 
April 2, 1938. 
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Charging. 
. . Tappin Duration | Output. 
Date. Heat No. atin rae Melting. Th “es of Heat. Tons. 
samen. inished. 
Hr. Min.| Hr. Min.| Hr. Min.} Hr. Min.| Hr. Min. 
27/3/38 | 1449 14 00/16 05; 18 20] 20 25| 6 25 25-2 
1450 20 30] 22 50 1 15; 2 25| & 55 25:3 
28/3/38 | 1451 2 35| 4 465 6 50 7 55) & 20 27-1 
1452 8 05|10 30/12 05; 13 05] 6 00 26-0 
1453 13 15] 16 00|17 25; 18 45] & 30 25-4 
1454 18 55|21 10] 23 15; 0 25] & 30 26-0 
1455 0 35 3 35; 5 00; 6 10] & 35 26-0 
29/3/38 | 1456 6 20 8 45/;10 10/]11 40] 5 20 25-9 
1457 11 50|14 00/15 50/]17 00] & 10 24-8 
1458 17 10| 20 00] 21 25| 22 40] & 30 25-9 
1459 | 22 50 1 40 3 15| 4 26] & 365 25-9 
30/3/38 | 1460 4 35| 6 35 8 25 9 25; 4 50 25-9 
1461 9 35|12 00/13 15|14 05] 4 30 25-9 
1462 14 15|16 20/18 10;);19 05] 4 650 24-9 
1463 19 20] 21 45; 23 30] 0 35] & 15 26:1 
( 1464 0 45 2 50; 4 30] 5&5 20] 4 35 24-7 
31/3/38 | 1465 5 30 8 00; 9 05 9 55| 4 25 26-9 
1466 10 05|12 15; 13 30] 14 10| 4 55 24-6 
1467 14 20|16 20/17 55/19 00] 4 40 25-1 
1468 19 10; 21 00/] 22 45] 23 40] 4 30 25-1 
1469 23 50; 2 15 3 35| 4 30] 4 40 24-4 
1/4/38 1470 4 40] 6 45 8 20 9 05| 4 265 25-6 
1471 9 15) 11 26); 12 55|13 25] 4 10 25-4 
1472 18 40/15 45/1]17 20|)18 10] 4 388 24-6 
1473 18 20| 20 25; 21 55 | 22 55] 4 365 24-6 
1474 | 23 05 1 30; 3 10 4 15; 5 10 27-2 
2/4/38 1475 4 25 6 45 8 05 9 05) 4 40 26-4 
1476 9 15| 11 30;12 38,18 18] 4 00 24-1 
j 1477 138 25| 15 40/17 06) 17 55| 4 30 25-1 
1478 18 10; 20 25] 22 00/| 22 55| 4 45 22-5 
1479 | 23 45 1 65} 3 30 4 40| 5 35 24-8 
Total | 787-4 
Average Charge (27 tons). Additions. 
j Pig iron . 106-8 tons. Tron ore 750 Ib. 
Steel scrap . 162 ,, Burnt lime . 800 ,, 
Manganese ore 400 Ib. Ferro-manganese (78%) 300 ,, 
Limestone . - 4000 ,, Ferro-silicon (75%) 145 ,, 
} Aluminium 4 
Average Ingot Analysis. 
0:24% 0:38% 0-15% 0:05% 






































moulds, i.e., 32 ingots per plate, while the smaller one is for 48 
ingots with 12 moulds. 

As may be expected, it is easier to teem larger ingots, but as 
the rolling mills can handle the smaller ingots much more easily 














176 P KRISHNA RAO: NEW STEEL PLANT OF THE 


and can obtain better production when rolling them, only small 
ingots are poured. At the commencement, pouring into small 
moulds presented considerable difficulties, but several improvements 
have since been introduced, with the result that practically no 
trouble in casting small ingots is experienced. 

When manufacturing rimming steel, the usual practice is to chill 
the tops of the ingots with special cast-iron chill plates. Details of 
charges and results obtained when making rimming steel are given 
in Table V. When casting killed steel, a somewhat special pro- 
cedure is adopted, which results in the production of very sound 
ingots. The practice is as follows: The moulds are all given a 
good tar coating and covered by small plates on the outsides. 
When the required height is obtained the stopper rod is closed, and 
small quantities of steel are fed into the trumpet by opening and 
closing it. When it is seen that all the ingots are nicely filled, 
plenty of water is thrown on the tops of all the ingots, and steel is 
once again fed into the trumpet almost to its top. The steel in 
the trumpet will slowly fill in small blow-holes that may be 
present in the ingots. When rolling these ingots, it is found that 
the crop ends form a very small percentage (less than 5%). 

The stripping of ingots is commenced immediately after the 
teeming is finished. First the trumpets are removed and then the 
moulds. There used to be a large number of stickers, especially 
when rimming-steel ingots were made. This difficulty was gradually 
overcome by using colder moulds. As the heats come out once in 
43-5 hr., the moulds will be too hot at the time of teeming if the 
same set is used for consecutive heats. Two or three sets of moulds 
are therefore kept in stock and are used in turns. 

The ingot moulds are manufactured in the foundry attached to 
the works. The average composition of the metal used is silicon 
1-4-1-6%, manganese 1-0-1-4%, and phosphorus 0:1%. No 
regular records are kept of the life of all the individual moulds, but 
as an experimental measure 12 moulds were selected for observation, 
and it was found that four of them gave a life of 161 heats, and the 
remaining eight 123 heats. 


LADLES. 


The capacity of the ladles is about 30 tons. They are lined 
with high-class ladle firebricks. One set of firebrick plates (14 in. 
thick) is laid vertically next to the steel shell, and the walls are 
built with 3-6-in. firebricks in three sections with a slight taper 
from top to bottom. This arrangement facilitates easy removal of 
thin skulls that may be left in the bottom of the ladle. The life of 
the ladle lining varies from 22 to 24 heats, depending upon the 
kind of steel made, a few linings having made 26 heats. The long 
life of the ladle lining is, it is believed, due to three causes: (1) Cold 
heats are very rare, (2) the temperature of the molten steel is very 
carefully controlled in the furnace, and (3) a special ladle cement is 
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used for giving a good wash to the firebricks when laid new. Also, 
the firebricks for the bottom and the first six rings from the bottom 
are laid with this cement instead of the usual fireclay. The size of 
the nozzle used when making rimming steel is 30-32 mm. in dia., 
and 38-40 mm. when making killed steels. The largest size of 
nozzle (40 mm.) is used during the last few heats of the campaign, 
as cold heats are feared during that period. Fig. 7 illustrates the 
teeming of a heat. 


REPAIRS TO THE FURNACE. 


Every Sunday minor repairs are attended to. The bottom and 
the sides of the gas ports are shaped properly so as to give a good 
direction to the flame. All high places in the bottom and thick 
banks are melted down with mill scale and a good wash is given 
with basic slag. Other parts which require repairs often are the 
windows on the gas-port uptakes. Generally the furnace will be 
off gas for about 4-8 hr. after the bottom repairs are made. 

The back and front walls rarely require any repairs. The back 
wall has not been rebuilt for the last two campaigns, except for 
slight patching up. The front walls require to be patched after 
about 150-180 heats with a few chrome briquettes. The recent 
campaign of 310 heats did not require the front wall to be repaired 
at all. 

The furnace will be shut down for rebuilding when it is found 
that the gas ports have been damaged beyond all repair. The 
normal repairs undertaken are to the gas and air uptakes above 
the platform level, the front wall, the gas and air ports and the 
main roof. Once in two or three campaigns, repairs will commence 
from the slag-pocket arch. It has been found that the air and 
gas checkers do not wear at the same rate. The gas checker bricks 
are renewed once in three campaigns, 7.e., after about 800 heats, 
and the air checkers once in two campaigns. The arches of the 
slag pocket and the regenerator have not so far been renewed. 

Major repairs usually take about a fortnight from the time of 
shutting down the furnace. On account of the scarcity of highly 
skilled masons in this place, the bricklaying is done for only 12 hr. 
a day. The preliminary heating is by wood firing in three small 
ovens built in front of each charging door. Gas is taken generally 
3-4 days after the commencement of wood firing. The whole 
period of preliminary heating from the commencement of firing up 
to the time of the first charging is about 6-7 days. 

Approximate quantities of the refractories used per ton for 
current repairs and rebuilding are given in Table VI. 


Roiiine Mioxzs. 


A plan of the rolling mills is shown in Fig. 2. The mill has 
been designed mainly to roll a large variety of merchant bars and 














PLATE X. 


The open-hearth department; teeming a heat of steel. 


The Mysore Iron and Steel Works. 
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[Krishna Rao. 
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TaBLE VI.—Average Consumption of Materials per Ton of 
Ingots in One Campaign (282 Heats). 





Approximate Refractories Consump- 
+s tion per Ton of Ingots during the 
Charge, Flux and Additions. Campaign and the Major Repairs 
thereafter. 
Pigiron . : - Wat m®. Ladle lining bricks - 12-5 Ib. 
Cast-iron scrap . . O.. \¢ Ladle stopper- -rod bricks 4°74 ,, 
Steel scrap from rolling Firebricks . - 0-64,, 
mill and open-hearth Fireclay (including ladle 
pit-side . ae lining) 2-34 ,, 
Miscellaneous outside Silica bricks A - 30:00 ,, 
scrap . 1102. ,, Silica mortar > « SSS o 
Ferro-manganese Magnesite bricks . « SIS, 
(78%) BF 3; Magnesite cement 0-56 ,, 
Ferro- silicon (75%) 3°8 ,, Magnesite, double burnt 10-33 ,, 
Aluminium 2-8 oz, Chrome ore briquettes 
Manganese ore . 10-6 Ib. (metal-case) . . 054,, 
Tron ore “ 23°5 ,, Calcined dolomite - 664 ,, 
Limestone. 125 Ca, 
Burnt lime 46-0 ,, 
Fluorspar . 1S 5, 














small sections that are in popular demand in the market favourable 
to the works. The range of rolled products is as follows : 


Mild-steel flats, 43 in. x } in. to 2} in. x 8 in. by gradation. 
Thin steel flats, } in. x 4 in. to 1} in. x } in. by gradation. 
Steel strips, 20 gauge x ? in. to 14 in. wide by gradation. 
Steel rounds, } in. to 24 in. 

Steel squares, } in. to 24 in. 

Steel angles, 1 in. x 1 in. x ,°, in. to4 in. X 4 in. X } in. 
Small T’s, channels and I-beams. 


The reheating furnace, which is located in the casting bay of 
the open-hearth furnace building, is of the continuous type and has 
a capacity for heating about 11 tons per hr. of 145-kg. ingots and 
210-kg. ingots. The furnace is charged in two rows and is heated 
by pulverised fuel; a good coal with 32-35% of volatile matter is 
used for the purpose. Behind the furnace is an ingot pusher, 
electrically operated, for a total force of 24 tons, and with a pushing 
capacity of about 10 ft. per min. The hot ingots are transported 
to the first stand of the roughing mill by means of an elevated 
track, special long levered tongs being used for holding the ingots. 
This arrangement has proved satisfactory. 

The rolling mill plant is located in a building (575 ft. x 73 ft.) 
served by two overhead cranes. The roughing mill consists of two 
20-in. stands (a third stand is in course of erection), driven by a 
650-h.p. motor. The first stand is a cogging-down stand, while 
the second serves as a rougher to feed the 12-in. mill when making 
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small sections. The latter also takes finishing rolls when heavier 
squares, angles down to 1} in., T’s and I-beams are to be rolled. 
With a view to increasing the production of small sections, 
occasionally both the stands work as pre-rolls for feeding the small 
mill. The speed of the mill is 110 r.pm. A hot shear, with a 
maximum shearing pressure of about 125 tons and capable of 
cutting hot billets up to 90 mm. x 90 mm., is installed in front of 
the second stand. 

The finishing mill consists of five 12-in. stands, with alternating 
upper and lower two-high system, driven by a D.C. motor of 1000 
h.p. with provision for speed variation from 200 to 400 r.p.m. 
About 15 ft. behind the last stand is placed a one-sided rotary 
shear for cutting continuous rod up to 1 in. in dia. Beyond this is 
the mechanical cooling bed (Edwards), about 140 ft. x 7 ft. 9 in. 
The approach roller rack and shearing machine roller rack consist 
of motor rollers with individual drives. On the other side of the 
shear roller rack is a simple skid cooling bank for the heavier sections. 
Just behind this is the hot sliding saw. The cold shear exerts a 
maximum pressure of 175 tons and is designed to cut cold billets 
up to 2? in. square of material with a tensile strength of up to 30 
tons per sq. in. 

In front of the last stand of the 12-in. mill there are three 
stands in continuous arrangement for rolling strips. They are 
designed as three-roll stands, with the upper and lower backing-up 
rolls arranged in roller bearings, while the thin middle rolls run in 
slide bearings. The stands are driven separately, each by a motor 
of 150 h.p. Two reels of the Kladno type are provided for making 
round and longitudinal coils. 

Operating the Reheating Furnace.—The ingots are placed on the 
pusher bench by a magnet. The actual discharge of the ingots out 
of the furnace is done by levering out through the side doors. As the 
same furnace is used for heating both the ingots and the billets, 
difficulty was experienced when changing over from ingots to billets 
or vice versa. To overcome this, a special arrangement has been 
devised, consisting of a series of heavy cast-iron frames with a simple 
locking device between two successive frames. When the furnace is to 
be emptied, the ingots or billets, as the case may be, are pushed with 
the ingot pusher as far as possible. One frame is then put in first, 
and the ingots are pushed farther inside. The procedure is repeated 
until all the contents of the furnace are pushed out, when the 
furnace contains only the cast-iron frames. They are then 
withdrawn by the ingot pusher:and one after the other is removed 
from the pusher bench by the overhead crane. : 

The operation of the mill has not presented any serious difficulty, 
except that the production has not come up to the required level 
for want of certain accessories. Arrangements are in hand to 
rovide these. A second reheating furnace fired by producer gas 
or heating billets only will be installed, so as to finish at the same 
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time small sections in the 12-in. mill and the heavier sections in 
the 20-in. mill. The best performance up to now has been : 


220 tons of billets, 2} in. sq., in 24 hr. 
150 tons of 3-in. round bars in 24 hr. 
100 tons of }-in. round bars in 24 hr. 


So far it has been possible to roll in one heat only ? in. round 
bars direct from the ingot. After additional accessories are 
installed, it is hoped to finish }-in. rounds also in one heat. 


CONCLUSION. 


The results achieved at this small open-hearth furnace plant as 
described above may, in the author’s opinion, be considered satis- 
factory, if due consideration is given to the fact that the plant has 
been in operation for only two years and that the entire personnel, 
from the melter foreman down to the scrap loader, was practically 
new to the art of steelmaking. It is hoped that this paper will lead 
to detailed comments on the various features of construction 
and operation referred to, and that a few of the small improvements 
effected may prove to be of some little help to others. 
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CORRESPONDENCE. 


Mr. K. R. Bryxs (Sheffield) wrote that the low sulphur contents 
of the pig iron and producer coal supplied to the open-hearth furnace 
at Mysore were noteworthy, and it would be interesting if some 
of the open-hearth furnace slag analyses were recorded. Would the 
author find it possible to state some typical analyses of these slags ? 


Mr. G. A. V. Russet (Sheffield) wrote that he had enjoyed read- 
ing Mr. Krishna Rao’s interesting account of plant and practice at 
the rather unique works under his control, and would like to con- 
gratulate him on the manner in which the obvious difficulties inherent 
in a special enterprise of this nature had been surmounted. 

On the whole it would seem that the always conflicting require- 
ments of low capital cost and operating efficiency which were 
particularly acute in such a small plant had been effectively 
reconciled. Perhaps only in one direction could one detect a slight 
tendency to unnecessary expense in connection with the mill, and 
that was in the provision of the three independently-driven three- 
high strip finishing stands. A simpler and cheaper solution would 
probably have met the market requirements. 

In connection with the interesting ingot practice adopted in the 
Mysore Works, the writer would be glad if the author could state 
what was the approximate weight of his ingot moulds as compared 
with that of the ingots. Further, no mention of yields was made in 
the paper, and it would enhance the completeness of the information 
given if the average yields obtained for both rimming and killed steels 
could be given, first, at the ingot stage, and secondly for various 
typical finished products, expressed as a percentage of the ingot 
weight. The figure of crop-end loss mentioned on p. 176 P for killed 
steels was, of course, only one item. 





AUTHOR’S REPLY. 


The AUTHOR, in reply to Mr. Binks, wrote that the following 
figures gave some typical analyses of the final slags in the furnace 
operations at his works : 


SiO,, %. FeO. %. MnO. %. CaO. %. MgO. %. 
(a) 18-82 11-45 9-80 38-01 \ Not deter- 
(b) 20-62 6-66 6-58 42-80 f mined. 
(c) 23-60 10-56 9-80 38-64 6-39 
(d) 22-20 9-00 9-42 40-92 6-37 
(e) 20-20 9-70 6-64 40-40 8-08 
(f) 21-74 7-95 7-56 39-29 9-09 


The Fe,0, and Al,O, were not usually determined. These samples 
of slags were taken just before the addition of ferro-manganese 
before tapping. 
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The author much appreciated Mr. Russell’s remarks in the 
opening paragraph of his contribution. 

The point raised in regard to the strip-mill stands had no doubt 
some force, ge in order to obtain exact dimensions on the very 
thin strips (22 and 24 gauges) required for the market, it was con- 
sidered necessary to provide three separate stands in continuous 
arrangement in front of the last stand of the finishing mill. 

The weight of each ingot mould (for 4 ingots) was on an average 
3070 lb., so that the ratio of ingot mould to ingot weight was 
3070 : 1280 or 2-39. 

The average yields in various stages of the operations were 
indicated below : 


Eleventh Twelfth Thirteenth 
Campaign. Campaign, Campaign, 
Number of heats " i : 5 282 310 325 


(1) Proportion of ingots to total metallic 

charge in the open-hearth furnace . 92-24% 90-91% 90-00% 
(2) Proportion of actual weight of billets ¥ = 

to ingot weight (average) : 92-78% 
(3) Proportion of weight of finished section 

(4-in. round) to total weight of ingots 

rolled (killed steel) 87-91% 
(4) Proportion of actual weight of flats to 

total weight of ingots rolled (mostly 

rimming steel) 86-86% 
(5) Proportion of actual weight of -in. 

rounds to total hile of billets 

rolled : - 86-89% 


cr 





In items (3) and (4) the finished sections were rolled direct from 
the ingots in one heat. 
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THE DEVELOPMENT OF CONTINUOUS 
STRIP MILLS.! 


By D, EPPELSHEIMER (Mippietown, Onto, U.S.A.). 


(Figs. 6 to 16 = Plates XI, to XVI.) 


ABSTRACT. 


This paper gives a very brief historical review of the rolling of 
sheets as well as of the previous unsuccessful attempts to roll sheets 
in continuous mills, The fundamental requirements and means for 
the discovery and the subsequent application of continuous strip 
rolling are fully explained in detail. 

A device for autographically recording the variations of sheet 
cross-section, with magnification by electrical means, is described 
and illustrated. 

The development of the continuous sheet mill as compared with 
that of the Bessemer and open-hearth processes is illustrated. A 
diagram of the total tonnage produced by such mills compared with 
the production of sheets and black plates for tinning in the United 
States is shown for the years 1925 to 1937 inclusive. 

The relative productiveness of these mills, having regard to the 
men necessary and the electrical and fuel energy required, is stated. 

Comment is made as to the control of this new instrumentality to 
prevent dislocation of labour and injury to the sheet trade and as to 
hitherto unenjoyed fields of what amounts to a new product in the 
way of more precise and uniform thickness of wider and larger sheets 
as well as improved surface and physical characteristics. 

Numerous illustrations, showing a mill designed by Leonardo da 
Vinci up to and including the more modern four-high mills weighing 
400 tons per stand without the rolls, accompany the text. 





In an attempt to recite the development of the continuous strip 
mill, a better understanding of its difficulties and accomplish- 
ments can be secured by a very brief historical review. 

The rolling of flat metal was, in its earliest beginnings, limited 
to those metals which are ductile enough to be worked cold, and it 
is probable that it was first performed by goldsmiths or those 
manufacturing jewellery and works of art. 

That there was a need for such a mechanical device is shown 
by the accompanying cut (Fig. 1), a sketch made by Leonardo da 
Vinci around 1495. 

As lead began to be produced from its ores in view of its pre- 
valence in the mineral regions of Central Europe and England 


1 Received June 3, 1938. 
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and the comparatively easy metallurgical processes, this, together 
with its ductility when cold, extended its field of usefulness so that 
it was used for the manufacture of flashing and gutters on buildings 
to protect joints and walls from the effects of water, and Salomon 
de Caus in 1615 built a hand rolling mill. 

For a hundred years there were gradual developments in which 
the mills were driven either by horse-power or water wheels, and 
we find a plate mill for lead (Fig. 6) designed by Franzose Fayole 
in 1728; this mill had rolls 13 in. in dia. and 65 in. long, and shortly 
thereafter a similar mill was built in Hamburg to roll copper sheets 
for the sheathing of wooden ships. 


\. x SS 
\: 


y weer. 
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Fie, 1.—Sketch of a Rolling Mill by Leonardo da Vinci about a.p. 1495. 


In the meantime the metallurgy of iron was developing, and on 
account of the fact that it is more difficult to work cold and there- 
fore should be worked hot, it was generally worked under a hammer, 
and the early history of the flat rolling of iron does not seem to have 
been recorded. 

The tin mines of Wales found that their product was being 
carried to Saxony and other European countries, where it was 
used for coating thin plates of iron, and we only have the record 
that this was known to the Welsh somewhere about 1665. 

It is therefore evident that their method of manufacture of more 
than one sheet at a time as the only possible means of producing 
very thin sheets of iron must have been developed in this area, 
although it is not known whether the first sheets produced in this 
district were made by rolling or by hammering. It is a very im- 
portant distinction in the matter of rolling thin flat material that 
from this source came the development of the formation of sheets 
in packs. 
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Shortly after this became known in Wales, a Captain Yarranton, 
a former soldier of Cromwell, interested some wealthy people of the 
district and visited Hamburg, Leipzig and Dresden, with the idea 
of starting the industry in Wales, and we have a record that a Major 
Hanbury started the manufacture of tinplate at Pontypool in 1720, 
and it is definitely known that in 1728 this material was produced 
by rolling. 

Owing to the proximity of coal and iron ore and the develop- 
ment of the steam engine, the manufacture of iron in various forms 
in England grew very rapidly and was of great value in the export 
trade to the then undeveloped countries which were the source of 
raw materials for England’s rapidly increasing manufacturing 
industries. 

The inventions of Bessemer (1856) had a profound influence on 
the cost of all forms of iron and for many years Wales had a com- 
parative monopoly of the tinplate trade. 

Sheets, being an intermediate product between tinplate and 
light plates, while known, were produced in comparative small 
tonnages, but the process of rolling was very closely allied to that 
of making black plates for tinning, and as it required a great deal 
of skill it was very difficult for any one to learn the art who was 
not a member of the family or closely associated with those “‘ learned 
in the art.” 

The accumulated skill of many generations in an art and the 
lack of knowledge of “why” ordinarily prevents any marked 
improvement in the process as a whole. 

In the sheet rolling industry, other than increasing the diameter 
of the rolls and the strength of the housings, very little progress 
was made for many generations. Although the literature con- 
tained many proposals for improved processes, the cost of the 
installation of a mill on any new principle, along with the reluctance 
of the organisation of sheet-mill workers to make any change, was 
such that no real progress in commercial production was made until 
The American Rolling Mill Company built its Ashland plant in 
1922, under the direction of Mr. John B. Tytus, the inventor, who 
was awarded the Gary Memorial Medal by the American Iron and 
Steel Institute in 1935. 

The very fundamental principles which gave success to the 
Ashland mill were not discovered until shortly before that time. 
This is amply illustrated by the fact that a continuous strip mill 
of sheet width was built in Teplitz, Austria, in 1892, and that the 
U.S. Steel Corporation had built two continuous mills in 1904 to 
produce sheets that in turn would be used for the manufacture of 
black plate for tinning, all of which were unsuccessful and ultimately 
dismantled. 

In connection with the last of these efforts, legal proceedings 
developed in which the testimony brought out the whole gamut 
of human knowledge with regard to sheet rolling. Thus we had 
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the highest type of scientist, Professor John W. Langley, and the 
most experienced practical roller known, Mr. Cronemeyer, after 
extensive questioning, explaining the then entertained theory of 
the practice of rolling wide flat material, a theory which the present 
continuous sheet mills prove was wrong. 

This idea was that, as a resultant of all the forces incidental to 
the passage of a piece through the mill, the shape of each pass 
(active pass) would have to be flat to permit of successful continuous 
rolling and that the surfaces of the rolls in contact with the piece 
must be truly cylindrical, a practical impossibility as they saw it. 

Furthermore, in the cold-rolling of strip it was the practice to 
have rolls ground so as to be true cylinders, and to operate these 
mills at a low rate of speed, so that there would be no changes in 
the contour of the rolls themselves due to temperature changes 
caused by neck friction or the internal friction of the metal. The 











Fic. 2.—Chart of the Progressive Principle of Rolling. 


material was cold, 7.e., of uniform temperature, and a very limited 
reduction was made in each pass, so that the variation of tem- 
perature, one of the essential five factors (see below), was eliminated 
by its being kept constant. 

A study of the “art ”’ of rolling sheets brought out that many 
of the then current practices were due to antecedent or concurrent 
results and forces. Some of them, not difficult to evaluate, but 
others, small and difficult to determine but cumulative in effect, 
had a profound influence on the results. To this end measuring 
devices hitherto unavailable had to be developed and designed, 
which, in spite of the size of the rolls and material used, neverthe- 
less had to be accurate enough to the fine degree that would permit 
of a proper understanding of the influence of the small incipient 
but highly important variables. 

The discovery was first made that the piece should have a 
slightly convex cross-section and that each successive pass should 
have progressively a less convexity (Fig. 2), and that at least five 
factors controlling such a process were essential, namely : 
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(1) The prepared contour of the rolls—the shape of the 
rolls; 

(2) The temperature of the rolls; 

(3) The composition and springiness of the rolls; 
(4) The spacing of the rolls or “ screw”; and 
(5) The shape, composition and temperature of the piece. 


One very important result of the proper control of these five 
factors is that equilibrium conditions result by which this very 
same convexity forms a guide for the sheet, thus preventing its 
lateral movement, which would destroy the regularity of shape 
or result in the sheets running into the necks of the rolls and thus 
be spoiled. 
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Fic. 3.—Chart Comparing the Limits of Rolling Prior to 1923 and 
the years following. 


The importance of the sheet being flat—that is, without either 
riffles on the sides or bulges in the centre—cannot be overestimated, 
and it is apparent at once that any departure from the rules given 
above would result in anything but a flat sheet. 

The line of demarcation between continuous sheet rolling and 
hot and cold strip rolling might well be considered as that point 
at which these teachings would be effective in increasing the width 
and of great importance in increasing the width/thickness ratio 
over what had been previously possible, in steel products approaching 
sheet sizes (Fig. 3). 

The hot- and cold-rolled strip manufacturers had developed a 
practice in the hot strip mills largely as a result of their experience 
in the cold mills, and found it increasingly difficult to get greater 
width-to-thickness ratios when rolling such sizes. As shown on 
Fig. 3, the ratio of possible width to thickness in the continuous 
rolling of strip was a maximum of 250. 
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When the development made by The American Rolling Mill 
Company started in 1923, this ratio was immediately jumped to 
36 in. wide and 16 gauge (0-0625 in.); the width/thickness ratio 
was then 575, and is now of the order of 1000 to 1. 

Appropriate mention may be made here of the courage required 
of the management of a then not so large company, to stake such a 
large sum, and in fact hazard its future, on a project that twice 
previously had been a complete and total failure. 

It had been found from experience that small rolls were capable 
of producing greater reductions per pass, on account of the fact 
that the area of contact of the metal with the roll was less and 
therefore the resistance offered by the piece was less—in other 
words, the pressure on the rolls was less for the same amount of 
reduction; however, the resistance of a cylindrical roll of given 
length to bending varies with the cube of the diameter, and there- 
fore with a roll of half the diameter the bending is eight times 
greater. 

Lauth, in 1864, solved this problem by means of a three-high 
mill, in which the middle roll was of small diameter, while the top 
and bottom rolls were much larger, so that in passing material 
between the middle and bottom rolls, the top roll supported the 
middle roll. 

The manufacturers of strip conversant with the principle that 
small-diameter rolls gave a greater reduction than large ones went 
a step further and made a four-high mill, largely for the reason 
that, in the rolling of strip, material did not pass back and forth 
through the same stand as was the case in the three-high (Lauth) 
mill or conventional sheet mill. This same principle was embodied 
in some very large plate mills having rolls as long as 204 in., and 
backing-up rolls 50 in. and working rolls 34 in. in dia. In this 
case, however, all the rolls were driven, whereas in the four-high 
mill used in continuous sheet mills only the working rolls are driven. 

With the four-high mill construction came the possibility of 
controlling to a degree the spring of the rolls, and, combined with 
the increased rigidity of heavier housings and with the precision 
of roll necks and bearings, this increased the effectiveness of the 
small working rolls. 

One of the outstanding features of the whole practice of the 
rolling of sheets is that slight inaccuracies of the rolls and/or piece 
have a profound influence on the shape of the sheet, so that should 
the housings spring such a small amount as 0-005 or 0-006 in., that, 
combined with the natural spring of the rolls, results in a variation 
of thickness which is cumulative in rolling long strips. The varia- 
tion of the resulting contour might not seriously affect a sheet 
8 or 10 ft. long, but the cumulative effect of this variation in a strip 
twenty or thirty times as long would be a very serious matter. 

The discoveries made in connection with the rolling of wide 
flat material were so fundamentally sound that they permitted of 
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a control of the product not dreamed of in the early stages of the 
development of the continuous strip mill, and in several conspicuous 
instances the endeavours to roll wide strips continuously were 
practically failures until the principles outlined above were adopted 
and applied. 

It is interesting to note from Fig. 3 that the manufacture of 
strip had reached definite limitations and it remained for the applica- 
tion of the principles involved in the rolling of sheets to open the 
door to the rolling of sheets in strip length, or, stated otherwise, 
rolling strips in sheet widths. 

The determination and control of the small variables, cumulative 
in effect, thus permitted the whole sheet industry to advance at 
the very rapid pace shown in Fig. 3. 

Too much importance cannot be attached to the accuracy and 
fineness of the measurements that are necessary for the proper 
control of the rolling of wide thin and flat material. Their influences 
are made apparent by the riffling or bowing of the strip as well as 
its action between the rolls, but in order to achieve the desired 
result these small cumulative influences had to be determined. 

The conventional micrometer, reading to 0-001 in., is a very 
crude instrument compared with what is required, and at the same 
time the machine tools to prepare the housings, bearings and rolls 
must also be constructed so that reproducible results within that 
limit of accuracy are attainable. 

In order to determine the action of material passing through the 
rolls at speeds approximating to a thousand or more feet per minute, 
a method and instruments were devised in order that the relation 
between the successive passes of one of our large modern strip mills 
could be portrayed; this is shown in Figs. 7 and 8. 

In order that the varying shape of the contour of the piece 
could be measured and automatically recorded, this device was 
designed so that, while measuring the variation of thickness and 
multiplying by electrical means by a known ratio, at all points in 
the cross-section of the sheet, it would be recorded on a chart 
moving synchronously with the test-piece (Fig. 9). In other words, 
each roll pass made its own pattern, and these patterns were then 
measured in this electrical measuring device, the successive passes 
being superposed one upon the other. The very close following 
of the principles of proportional reduction of convexity are very 
clearly shown. 

Some idea of the task involved in making such a test can be 
gained by examining the accompanying photographs of one of the 
more modern 98-in. hot strip mills now in operation (Figs. 11, 12 
and 13). 

It is interesting to compare the increases resulting from the 
great landmarks in the steel industry. 

Puddling practice for making wrought iron was a practice 
developed empirically, and for many years no great improvements 
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were made, until the scientific facts were discovered and brought 
into control, and the field was opened for those of an inventive 
turn of mind to apply new ideas to the problem. Then came the 
production of larger quantities of iron at very much reduced costs, 
v.€., the Bessemer and open-hearth processes. 

Fig. 4 shows the growth of the Bessemer and open-hearth 
processes in the United States for the comparable years following 
their development, also the increase of output of sheet and black 
plate for tinning since 1924 in order to indicate the growth of 
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Fic. 4.—Production Trends of Important Developments in the Steel 
Industry of the United States. 


production of the hot continuous strip mill. It should be noted that 
the production of the hot mills necessarily includes that of the cold 
mills. 

No attempt is made here to describe the various mills that have 
been installed, embodying the above principles in the continuous 
rolling of strips, except that a typical arrangement is shown in the 
accompanying Fig. 10. 

However, there are two distinct methods generally followed. 
In the first successful mill (Ashland), and subsequently some others, 
the blooming mill is definitely a step of the process and the strips 
are rolled directly from the heated ingot without being cooled in the 
interim, and this is entirely practical and successful. 

The other plan, for which a number of mills have been installed, 
consists in making slabs from the ingot, allowing these to cool and 
subsequently reheating them. 

There is much to be considered for both of these systems. The 
conservation of heat is of itself an important consideration for the 
first, while facility for the production of small orders and the surface 
preparation of the cold slabs is strongly urged by the second. 
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Abb. 9. Umkehrwalrwerk fir Biciplatten mit Gopelantried nach Fayolle. 1728 (a. « 
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PuatTE XII. 





Fic. 7.—View of a Machine for Measuring the Convexity of Material passing through Successive 
Stands of Rolls. 





Fic. 8.—Another View of a Machine for Measuring the Convexity of Material passing through 
Successive Stands of Rolls. 
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PLATE XIV. 


Fic. 11.—A Train of 98-in. Four-High Hot Strip Mills now in Operation. 


Fic. 12.—A Train of 98-in. Four-High Hot Strip Mills now in Operation. 
[Eppelsheimer. 





PLATE XV. 
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Cold Four-High Mills Employing Tension. 
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PiatTeE XVI. 





Fic. 16.—Cold Four-High Mills Employing Tension. 
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Involved, of course, in the matter are metallurgical problems having 
to do not only with the chemical composition of the material, the 
furnace, pouring and mould practice, but also relating to the surface, 
crystalline structure, blow-holes and segregation. 

With regard to the cold-slab practice, mills have been built 
and are operating very successfully in which the roughing stands 
are replaced by universal mills while the finishing stands remain 
the same. There are some distinct advantages in this, especially 
with regard to first cost and flexibility, and especially in the mills 
of limited capacity, but in any event the successive and final stands 
comprising the finishing end have superior characteristics, in that 
the pieces passing through the successive stands are worked with 
different roll surfaces carefully prepared in advance, and more 
accurate control of the various factors, many small but highly 
important, is possible. 

While it was at first expected that the continuous strip mill 
would furnish “ break-downs”’ for sheet mill gauges and thus 
enhance the production of the then conventional sheet mills, a 
careful observation of the principles involved permitted of a further 
outstanding development. It was found that the controls could be 
so accurate that the hot-rolled material could be reduced in a 
continuous cold mill following the same principles as the hot mill 
and produce even the thinnest gauges at a rate and cost not at all 
previously contemplated. 

The development of the continuous cold mills, using pickled 
hot-rolled strip, while involving many technical problems and as 
outstanding as it is, results from a careful application of the same 
principles previously outlined with the addition of another element, 
namely, that of tension on the piece while it is being reduced. 

It is a well known fact that if a rubber band be stretched it 
reduces in width and thickness; this is somewhat analogous to the 
law for metals within the elastic range, known as Poisson’s ratio. 
A somewhat similar phenomenon familiar to everyone is the reduc- 
tion in area of a test-piece just before rupture. The effect of this 
phenomenon is that steel under tension can be reduced with a re- 
latively small amount of force applied at right angles to the tension, 
i.e., vertical pressure of the rolls, and, while this effect was well 
known and practised to a degree, its importance within the bite 
of the rolls, or the “ active pass,’ became more apparent when a 
predetermined contour of the strip was made possible and reliable. 

While much investigation and many experiments have been 
made. relating to the action of metal between two revolving rolls 
and in the process of reduction in thickness and consequent elonga- 
tion, what actually occurs to the various particles of the metal is 
not yet known, and indeed it may be the lack of this knowledge 
that is the impediment preventing still further progress in rolling 
methods. 

This important condition of tension in the material is attained 
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by applying tension on the reel beyond the last pass, as shown in 
Figs. 14, 15 and 16, the latter having 19-in. working rolls—49-in. 
backing rolls—with an 80-in. face, and also between the passes by 
a carefully adjusted difference of working-roll speed; in this con- 
nection as well as in the hot strip mill the steel industry is greatly 
indebted to the manufacturers of electrical machinery who have 
developed huge motors of thousands of horse-power with a nicety 
of speed control under varying conditions that is really astonish- 
ing. The weight of each of the stands as shown is of the order of 
600,000 Ib. 

As previously mentioned, it was first contemplated that the 
first step in the continuous rolling process would permit of the 
manufacture of wide plates direct for the market and “ break- 
downs ”’ for subsequent reduction in continuous sheet mills or in 
the conventional sheet mills, greatly enhancing their capacity. 
It was realised at once that this would have a profound influence 
on the then existing seven hundred conventional sheet and jobbing 
mills, as well as on the additional six hundred tinplate mills in 
existence at the time, and it was realised from the first (Ashland) 
installation of the continuous sheet mill, in which sheets were passed 
consecutively from one sheet mill stand to another, that the con- 
ventional sheet mill, with all its limitations, including the extreme 
physical requirements on the men employed and the expense 
requisite to adapt it to the use of “ break-downs,”’ was doomed. 

The originators of the continuous mill were not unmindful of 
the powerful forces that were thereby set in motion and therefore 
for the first ten years exercised considerable control over the number 
of mills installed, so that the transition could be made without 
great injury to the sheet industry on the one hand or hardships 
on the labour employed in the conventional sheet mills on the 
other. 

Of course, it is understood that the control of such a revolu- 
tionary procedure could in no event extend over a longer period 
than the term granted by the patent laws of the various countries, 
and while control was exercised the transition took place in a rather 
orderly manner, different companies adopting different methods, 
depending upon local circumstances, and there was thence brought 
about, practically speaking, a revolution in the method of manu- 
facturing sheets without those labour disturbances that have been 
so common in the past on the advent of an outstanding development. 

At the time when this development was made there were em- 
ployed in the hot mills for sheets and tinplate approximately 
43,000 men, based on the tonnage produced in 1926, with a total 
tonnage of some 6,300,000 tons, of which 4,200,000 tons were 
sheets, and while this was not a large percentage of the total employees 
in the steel industry, yet in the cases of some plants, simply sheet 
rolling plants, it meant practically the whole force. The practical 
effect of this development has been that the tons per annum per 








THE DEVELOPMENT OF CONTINUOUS STRIP MILLS. 195 P 


man employed in the rolling-mill department has increased from 
180 tons to 530 tons in round numbers. 

While the consumption of both electrical and fuel energy per 
ton is in general but half of that required in the old conventional 
sheet mill rolling sheets from sheet bars, the continuous mill makes 
the much greater reduction from a slab varying from 4 in. to 6 in. 
in thickness. 

However, a development resulted, in that, owing to the pre- 
cision required to roll commercially sheets by the continuous process, 
a precision of gauge and other characteristics of the sheets were 
obtained, and this opened up fields of manufacture that other 
materials previously occupied, for example, the steel sheets replaced 
fabrics for automobile tops and wood in the body construction. 

At the present time there are twenty-two hot continuous sheet 
mills operating in the United States as a result of this outstanding 
development, representing with their processing departments an 
expenditure of over $500,000,000, with several more building or 
contemplated, while there are several operating, or on the eve of 
operating, in England, Germany, Russia and Japan and several 
more either building or contemplated both in America and abroad. 
There are mills with up to 100 in. length of barrel of roll, capable 
of rolling 96-in. wide material hot at a finishing speed of 2100 ft. 
per min. The mills of lesser width have produced 600,000 tons 
per annum and at times, under favourable conditions, over 200 
tons in an hour. Each housing alone weighs 215,000 lb., the whole 
stand weighing 800,000 lb. without the rolls. 

A comparison of the production of the continuous sheet mills 
in the United States with the figures for sheet, strip and black 
plate, the latter furnished by the American Iron and Steel Institute, 
shows clearly the rate at which the expansion of this new method 
of production has taken place (Fig. 5) : 


Sheet, Strip 


Continuous Mill. and Black Plate. 

Year. Net Tons. Net Tons. 
1925 : ‘ 181,000 6,780,713 
1926 ; : ‘ 200,000 7,087,218 
1927 2 b A 512,000 6,615,754 
1928 ‘ : : 814,000 7,943,512 
1929 = , . 1,380,000 8,303,872 
1930 ; . : 1,403,000 6,595,634 
1931 : : . 1,522,000 5,055,786 
1932 ; : : 1,572,000 3,440,631 
1933 : ‘ : 2,619,000 5,663,020 
1934 , ; : 3,168,000 5,530,601 
1935 : : : 4,850,000 8,104,086 
1936 , ; a 8,000,000 10,780,645 
1937 ‘ ‘ ; 10,000,000 12,088,799 

Total . ‘ 36,221,000 93,990,271 


While a production of close to 10,000,000 tons in the year 1937 
is shown, several of the mills more lately in operation are not fully 
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represented in that year, so that it is reasonable to state that the 
capacity of continuous strip mills now completed in the United 
States alone is of the order of 13,000,000 tons per annum, and 
abroad several million tons more. 
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Fic. 5.—Chart Showing the Comparative Production of the Continuous Sheet 
Mills in the United States from 1913 to 1937. 


The illustrations in this paper have been limited to show a few 
of the more recent developments of the continuous sheet mills, but 
of course it must be realised that there are limits even to our present- 
day photography in the ability to get in a single view any compre- 
hensive idea of the magnitude of the installations.1 

In conclusion, the author believes that it is appropriate, in 
reciting the history of this far-reaching development, to pay tribute 
to the iron and steel industry, in its persistence after two complete 
failures, for its final success in providing the world at large with a 
much improved and in some respects an entirely new product, at a 
much lower cost to the consumer, while avoiding serious dislocation 
of its employees. Quite as important are the social aspects of the 
picture, in which the employees have been very materially relieved 
of arduous, back-breaking, physical work under particularly uncom- 
fortable surroundings, and, on account of the opening-up of new 
fields, a larger number have been employed at higher average rates 
of pay and with less hours of work. 


1 After the presentation of this paper a cinematograph film, giving views 
of American continuous strip mills, was shown. 
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CORRESPONDENCE. 


Mr. G. A. V. Russet (Sheffield) wrote that Mr. Epplesheimer’s 
paper was somewhat disappointing to those already experienced 
in the problems appertaining to the manufacture of thin flat rolled 
products and the rolling mill equipment and ancillaries required. 
He presumed, however, that the author’s aim was more to set the 
important developments in the production of this type of product 
which has been made by his Company over the last fifteen years in 
a true perspective in relation to the gradual evolution of the art of 
rolling, than to be of material assistance to those who were already 
familiar with them. Even on this assumption the paper’s contents 
were scarcely adequate to the importance of the subject. In one 
respect the writer considered that it conveyed a misleading impression 
by the absence in it of any direct reference to the almost contempor- 
aneous development of continuous wide-strip rolling which was pro- 
ceeding at the Butler works of the Columbia Steel Co. at the time 
when the developments at Ashland on the continuous production of 
short sheets were approaching finality. When the writer saw 
both operations in the early part of 1929 he certainly was left with 
the impression that it was the Butler technique which would survive 
and form the basis of further developments. Nor was any reference 
made to the parallel efforts made in the non-ferrous industry, 
notably at Rome, to solve the problem of producing sheets in strip 
form. 

In view of the very general character of the paper it was perhaps 
scarcely appropriate to ask for any specific information, but it would 
interest the writer to learn Mr. Eppelsheimer’s views upon one or 
two of the broader aspects of wide-strip production. In the first 
place, what did he consider to be the economic width for a modern 
hot-strip mill, bearing in mind the advances being made in welding 
technique, and the possibility of producing ultra-wide strip, in 
short lengths, by cold-cross-rolling hot-rolled strip, and also the 
undoubted large increase in the capital and operating costs of these 
mills as the maximum width went up. Secondly, could Mr. 
Epplesheimer give any indications as to his views on the relative 
merits of strip produced from wide strip without cross-rolling from 
the ingot stage as compared with a product on which the direction 
of rolling changed between slabbing and the subsequent reduction 
to thin gauges, as was characteristic of the practice at Ashland. 
In one instance brought to the writer’s attention a special low-carbon 
and manganese-containing sheet had been satisfactorily produced 
from sheet-bar stock. Subsequently strip breakdowns were em- 
ployed and difficulties arose with the warpage of the sheets after 
fabrication. 

Thirdly, could Mr. Epplesheimer substantiate or refute an im- 
pression which was rather generally held that the best type of steel 











198 P EPPELSHEIMER: THE DEVELOPMENT OF 


for the manufacture of high-grade deep-drawing sheets by the strip 
sheet method was that made by the basic open-hearth process 
carried out in fixed furnaces with relatively low—under 50°%— 
hot-metal charges? One important producer was rumoured to be 
in course of rebuilding its steel plant to enable this process to be 
operated after disappointing results from duplex and tilting furnace 
operations. 

Lastly, the writer would like to ask Mr. Epplesheimer if he could 
state what he considered to be the best method of adapting the wide- 
strip mill to the production of thin medium-grade stock such as 
galvanised roofing sheets of, say, 22 gauge. These were obviously 
too thin to finish at the hot mill. The only choice appeared to be 
to process them further by cold reduction or to employ the hot 
mill to roll “ breakdowns,’ which would be reduced to final gauge 
by pack rolling on mechanised hand mills. 

Before concluding, it might be opportune to state that the 
actual roll shaping of the hot strip mill plants with which the writer 
was personally acquainted did not in practice resemble the ideal 
progression shown in Fig. 2 and upon which Mr. Epplesheimer 
placed such emphasis. 


Mr. GEorGE M. Brown (Sheffield) wrote that the title of this paper 
was such as to encourage the prospective reader to hope that the 
subject matter would be an orderly review of the development of 
the present-day strip mill and an account of the manner in which 
the various difficulties encountered in the production of strip were 
successively surmounted. Instead the author confined his attention 
to the production of strip of sheet width and made no mention of 
the work done by others prior to the installation of the Ashland 
mill of the American Rolling Mill Company; he gave no details of 
the Ashland mill itself and did not state that it was not designed for 
the production of sheets by the continuous process now current. 

The major portion of the paper was practically a résumé of the 
statements and claims expounded in British Patent No. 256,798, 
the date of acceptance of which was August 19, 1926. The patent 
covered the provision of “an active pass between each stand of 
rolls which is less than the convexity of the piece,’’ and went on to 
state that “‘the gradual reduction of convexity of a piece which 
starts off with sufficient convexity through rolls which are suitably 
turned will result in a smooth fit of every stand of rolls in the piece 
so that no dishing or twisting will occur. Also the convexity of 
piece and active pass results in the piece passing through the centre 
of the rolls and being delivered in true alignment.”’ 

In the ordinary two-high sheet mill the rolls were ground slightly 
concave, but not with the object of producing a convex section, 
and wide sheets were not attempted while the rolls were cold and 
concave; on the contrary, narrow sheets were rolled till the rolls 
became hot and it was possible, by suitably adjusting the reductions 
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during the various passes, to produce a sheet of uniform thickness. 
Uniformity of thickness across the width of the sheet was the desired 
object, and its attainment was dependent on the skill of the roller. 

The author stated that the convexity which he described formed 
a guide for the sheet, thus preventing lateral movement, but it was 
evident that in view of the high coefficient of friction between the 
piece and the rolls a piece sufficiently convex to ensure this result 
would bear a very slight resemblance to a sheet that would meet 
ordinary requirements. 

The actual requirements for the production of a flat and straight 
rolled piece were that the reduction ratio should be the same for all 
elements of the width of the section and that the piece should be 
presented in a direction perpendicular to the axes of the rolls, 
these axes themselves being co-planar, or, in other words, not crossed. 
If these conditions were observed and the material was heated to a 
uniform temperature, the piece would go straight through the mill, 
whether the section were convex or concave, and would not buckle 
in the middle or cockle at the edges. 

In the production of a flat sheet of uniform thickness, concavity 
or convexity at any stage of the rolling was undesirable, and the rolls 
of modern wide strip mills were ground with only the necessary 
camber to counteract the deflection across the barrels due to the 
rolling pressures that they would have to exert.1_ The spring of the 
housings did not matter, except that it necessitated screwing the 
rolls down hard on each other if the finished strip was to be thin. 

The author implied that the whole of the advances shown graph- 
ically in Fig. 3 had been made possible by experience gained on the 
original Ashland mill, and did not mention the fact that at that 
period practically the whole of the strip mills in use, continuous and 
otherwise, were of the simple two-high type and in that respect 
were similar to the Ashland mill with all its disabilities. 

No great advances were made until the use of the four-high mill— 
an early example of which was the Butler mill of the Columbia 
Steel Company—became common practice. The modern wide 
strip mill bore little resemblance to the Ashland mill; it was a 
triumph of mechanical engineering, and the production of strip 
of the widths and gauges indicated by the author’s Fig. 3 could only 
be achieved by its highly skilled manipulation and the maintenance 
of uniformity of heating and other rolling conditions. 


Mr. J. R. LamBerton (Coatbridge) wrote that the paper dealt 
with a subject of great interest to many Members at the present time. 
Mr. Eppelsheimer’s contention that the cumulated skill of many 
generations in an art prevented improvements in a process was true 
in regard to the sheet and tinplate industry, and Mr. Tytus and the 
American Rolling Mill Company deserved full credit for their 

1 A. F. Giese, jun., ‘“‘ The Continuous Rolling of Hot Strip Steel,’ Iron and 
Steel Engineer, 1937, vol. 14, May, pp. 1-16. 
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pioneer work in the modern continuous process of rolling sheets and 
tinplate. 

However, some of Mr. Eppelsheimer’s statements were not so 
easy to agree with as the above, and much of the information con- 
tained in this paper was so vague as to be very difficult to understand. 

To begin with, it was by no means certain that Professor Langley 
and Mr. Cronemeyer’s theories regarding the rolling of flat strip were 
intrinsically wrong, as was stated in the paper. What was wrong 
at that time was that mills were not built with sufficient precision, 
nor had they the accuracy of control provided by the modern 
electric drive, to permit of continuous rolling. 

Mr. Eppelsheimer referred to a decreasing convexity of cross- 
section of the strip being rolled as one of the prime essentials for 
success in continuous rolling. In this connection it would be of 
great interest if he could give some figures from actual practice 
showing how the cross-section of the piece varied from pass to pass, 
and also particulars of the dimensions to which the rolls were ground 
to produce the shapes required. 

On p. 190 Pp Mr. Eppelsheimer stated that, should the roll housing 
spring such a small amount as 0-005 or 0-006 in., that, combined 
with the spring of the rolls, resulted in a variation of thickness which 
was cumulative in rolling long strips. This statement was mis- 
leading. The spring of a mill had no cumulative effect, and it did 
not matter whether the piece being rolled was 10 ft. or 1000 ft. long. 
Actually the total spring of a heavy mill, due to the housing stretch, 
bearing tolerance and the deformation of the rolls under load, 
might be anything from 0-020 to 0-100 in. or more, but the screws 
were set to allow for this. 

On p. 192P Mr. Eppelsheimer drew a distinction between con- 
tinuous mills which rolled straight from the ingot without reheating 
and those in which the material was reheated, but in most modern 
mills provision was made either to take the slab direct from the 
slabbing mill without reheating, or, alternatively, to side-track the 
slab from the slab shears, pile the slabs, and later charge them into 
the reheating furnace before rolling-off in the continuous mills. 

There was an interesting, but unfortunately very short, reference 
on p. 193 P to the semi-continuous type of mill in which the slab was 
rolled down in a universal plate mill to a thin plate, which was after- 
wards reduced to strip thickness in a three-, four- or five-stand 
continuous finishing mill; a short description of a typical plant, 
giving some details of construction and operation, would be of great 
interest. A plant of this type—universal plate mill plus a three-, 
four- or five-stand continuous mill; or, alternatively, a universal 
plate mill followed by a reversing 4-high hot mill (having coilers 
on each side of the mill, with or without muffle furnaces)—would 
seem to offer the best solution at the moment for plants with moder- 
ate tonnage requirements. 

At the end of the paper some interesting figures were given 
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showing the expansion of tonnage rolled in continuous mills. It was 
generally believed that the old-fashioned sheet and tinplate mill 
was doomed, but it would be of interest if the figures of actual pro- 
duction of sheets and tinplate on the old types of mill (excluding 
production on jobbing and light plate mills) for the last few years 
in the United States of America could be given separately in order 
to show how far the process of extinction had gone. 


Mr. T. W. Hanp (Glasgow) wrote that, whilst he would like to 
place on record his personal appreciation of the author’s very com- 
plete survey of developments of continuous strip-mill design and 
operation, he felt bound, at the same time, to admit to some little 
disappointment that such an authority held out very little hope of 
the production requirements of the smaller producer being satis- 
factorily met in regard to quality and cost with equipment of less 
costly type. With full appreciation of all that was involved, many 
engineers still felt that the last word had not been said on the sub- 
ject, and it was reported that one large Continental works was 
already committed to an alternative system in the installation of a 
relatively simple plant, comprising a reversing slabbing mill in 
combination with a single hot finishing mill of the Steckel type. 
It would appear safe to assume that the promoters of such a scheme 
were well informed of the difficulties to be faced, and, as the type 
of mill referred to was of American origin, it would be of profound 
interest if Mr. Eppelsheimer would state his personal views as to 
whether this, or any other alternative and reasonably simple type 
of plant, was likely to be developed as a more economic unit better 
adapted to the fluctuating trade conditions to which the steel 
industry might be subject. 





AUTHOR’S REPLY. 


Mr. EPPELSHEIMER replied that, as the title of the paper 
indicated, it was limited to the development of the continuous 
strip mill and was more particularly concerned, as was shown, with 
the principles involved and their application to the rolling of wide 
thin material. 

With regard to Mr. Russell’s communication, as mentioned on 
p. 191 Pp, “in several conspicuous instances the endeavours to roll 
wide strip continuously were practically failures until the principles 
outlined above were adopted and applied.”” The Butler Works, 
which Mr. Russell mentioned, was one of those instances. It was 
later acquired by the American Rolling Mill Company, and the 
convexity principle was applied to its operations with consequent 
conspicuous success. It was no doubt this successful operation 
which Mr. Russell had observed. 
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The other questions raised by Mr. Russell had to do with a 
question of economics, the saving in cost of production as compared 
with the interest and other charges and also matters of quality, 
and which also had to do with open-hearth practice and heating 
practice combined with metallurgical results. These points were 
not concerned with the practice of rolling. 

Mr. Russell might be referred to Fig. 9 to show the actual shape 
of the active pass in practice. 

Answering Mr. Brown as to the convexity forming a guide for 
the sheet, this was extremely important, and the doubts expressed 
in his discussion were exactly the errors which prevailed prior to 
the time of the development, and it was hoped that the operation 
of the present mills had removed all misconception. 

It was obvious that a flat piece in a parallel active pass, as 
distinguished from one which was convex, would be in equilibrium 
with but little stability, and that very small forces, cumulative in 
effect as the piece became longer, resulted in instability and the 
piece would inevitably go into the necks. 

With narrow material in which the width/thickness ratio was 
relatively small this instability could be controlled by side guides, 
but as the width/thickness ratio increased, side guides became no 
longer effective, just as a column having the same cross-section 
would carry less weight as it was made longer. It was herein that 
the rolling of wide material in thin gauges was prevented prior to 
the Ashland development in 1923. 

With regard to Mr. Lamberton’s remarks, Fig. 9, the author 
believed, answered the question as to how the cross-section of the 
piece varied from pass to pass. The cumulative effect referred to 
by the author had to do with the building up of inequalities in 
length of a piece due to slight differences in the degree of reduction 
which accumulated by way of extension in length of the piece in 
certain zones. 

With regard to the spring of the housings, if one examined the 
stress-strain curve for steel, it would be noticed that within the 
proportional limit the elongation varied directly with the applied load. 

To avoid any increase of elongation of the housing due to the 
passage of material through the rolls, it would therefore be necessary 
to have such a stress in the housings while the mill was idle that it 
would not be materially increased during the passage of the material 
through the rolls, and so far there appeared to be no practical 
means of accomplishing this. Should the housings elongate ex- 
cessively the very slightest change of the necessary conditions such 
as a slight change of temperature in successive portions of the 
piece, a slight difference in hardness due to its metallurgical 
structure, or a slight change of the coefficient of friction between 
the working roll and the piece would all cause an unfavourable 
change of gauge, hence the massive cross-section of the housings 
now in use. 
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With regard to the last question by Mr. Lamberton, quite 
approximately the question was answered by reference to the table 
given on p. 195 p, namely, that there was a continuous decline in the 
difference between the two figures shown thereon, showing that for 
the past decade the decrease of product made by the old process 
had been from 6,013,754 tons to 2,088,799 tons, and, considering 
that the dominant portion of this was black plate for tinning, it 
could be readily seen that now the sheet mill production was very 
little indeed. 

There had been so many descriptions of mills in the technical 
papers that their repetition would have been largely one of com- 
parative plant arrangements, in effect plant engineering governed 
by many economic factors, so that it was thought more in con- 
formity with the title suggested by the Institute to point out the 
various steps in the development with such data as would permit a 
comprehensive view of the development rather than to give the 
design of a particular plant in a particular location and under 
particular conditions. 

The contribution from Mr. Hand raised a question with regard 
to a reversing strip mill. This was obviously outside the scope of 
a paper on continuous strip mills and might indeed form the subject 
of a separate paper. Naturally, the most profitable installation for 
the manufacture of wide strips and sheets depended upon many 
factors, the instrumentality being only one of them. 
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THE CONVERSION OF SOLID CEMENTITE 
INTO IRON AND GRAPHITE 


By H. A. SCHWARTZ (CLEVELAND, Ouro, U.S.A.). 
(Figs. 4 to 15 = Plates XVII. and XVIII.) 


SUMMARY. 


The paper attempts to present with reasonable brevity a sum- 
mary of the past quarter century of research in the author’s labora- 
tory and elsewhere with regard to the reaction 


Fe,C = 3Fe + C. 


Our knowledge of the heat, entropy and free-energy changes 
accompanying the reaction are still unsatisfactory owing to the 
imperfections in the best existing work on the underlying data. 
Some evidence is offered regarding the possibility of the existence of 
two types of solid solutions and the relationship of this possibility 
to the constitutional diagram especially the A, or G@’S’ line of the 
double diagram. 

The graphitising reaction is viewed as a multi-stage process, 
involving in some sequénce the formation of graphite nuclei, the 
solution of cementite in iron, its dissociation into the elements iron 
and carbon, the migration of carbon either before or after dissocia- 
tion and crystallisation of graphite. During most of its progress 
the reaction velocity is shown to be controlled by the migratory 
rate, this being then the slowest step except at the very beginning 
and end of the process. 

The graphitising rate is thus in fact mainly a function of the 
nodule number and migratory rate. The nodule number is deter- 
mined largely by the prevalence of interfaces in the metal at the 
graphitising temperature. The number of interfaces is dependent 
upon the fineness of the original white-iron structure, which in turn 
is a function of the cooling rate. Supercooled white cast iron, the 
matrix of which is hypereutectoid in composition, may carry addi- 
tional interfaces into the graphitising temperature range. For a 
given set of interfaces the nucleus number is, further, a function of 
the graphitising temperature, the oxygen content of the metal, and 
perhaps of many other variables of the melting operation. 

The migratory rate of carbon is influenced mainly by the presence 
of other alloying elements. Certain elements present in atomic 
solution or as chemical compounds appear to retard the migratory 
rate, whereas a few accelerate graphitisation, probably by increasing 
the migratory rate. The effectiveness of the elements of group VI. 
of the periodic table on the migratory rate and the fact that the 
effectiveness of elements in a given group often decreases with 
increase of the atomic weight may interest those studying metallurgy 
from the electronic viewpoint. 

This paper records no new observational facts. It does attempt 
to present the graphitising process in a form sufficiently coherent to 
give to future students some guidance as to how their observations 


* Received May 12, 1938. 
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may be usefully fitted into what is already known so as to make 


their data most valuable. 
Incidentally the many obvious gaps in our understanding as here 
correlated may guide others into interesting and fruitful fields of 


investigation. 


INTRODUCTION. 


THE reaction forming the subject of this paper has possibly been 
examined in greater detail than almost any other in the metallurgy 
of iron. A very rough estimate is that the studies published during 
the last twenty-five years, if carried out in the surroundings of an 
American industrial research laboratory, would have cost somewhere 
between $250,000 and $500,000. ‘The reaction by which cementite 
is converted into iron and carbon is basic to the production of malle- 
able castings. The value of such castings produced in a reasonably 
busy year in the United States might be estimated as of the order 
of $100,000,000. 

Having a relation to the “double” iron-carbon diagram, and 
being a readily realisable example of conversion from a metastable 
to a stable equilibrium, the reaction is of interest to those studying 
metallurgy as a science. Since it exemplifies the attainment of 
equilibrium in a heterogeneous system, the graphitising process 
still further provokes the interest of the physical chemist and 
metallurgist. : 

Osann credits Réaumur with having observed the separation 
of temper carbon under the microscope as early as 1720. He cites 
Vogel’? as his authority, but the reference is not available to 
the author. If this statement is justifiable, the noted French 
physicist seems to have been the first metallographer. Professor 
Sauveur informed the author in conversation that he was unfamiliar 
with any facts substantiating this claim. Certainly Réaumur 
published, under the auspices of the (French) Royal Academy of 
Sciences, the first description of the European malleablising process. 
This, however, has relatively little to do with the graphitising 
process. 

Omitting much interesting and fruitful work done in the last 
quarter of the nineteenth century and the first decade of the twen- 
tieth, one may, perhaps a little arbitrarily, date the beginning of a 
modern scientific approach to the study of the graphitising reaction 
as about a quarter of a century ago. It is the purpose of the 
present paper to assemble the information contained in various 
publications originating in the author’s laboratory and elsewhere, each 
dealing usually with some highly restricted field, into a connected 
whole representing a study of the reaction : 


Fe,C = 3Fe + C 


as it occurs under the conditions which exist in iron-carbon alloys 
of various sorts, both pure and impure, 
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THERMODYNAMIC CONSIDERATIONS. 


Logically the proper starting-point for the study of any chemical 
reaction is the free energy change which accompanies it. Two 
approaches exist: Either by direct measurement of the work that 
the reaction can do at the temperature in which one is interested, 
or by computing the free energy of the reactants and products from 
considerations of their specific heats and the heat and free energy 
of formation of the substance at some known temperature. 

The estimation of the free energy of the reaction by direct 
measurement of the potential of an iron-cementite cell at temperatures 
comparable with those at which graphitisation is commercially 
carried on does not seem to have been attempted. Endo and Kana- 
zawa’s measurements at room temperature extend only to 1-4% 
carbon steel, and the potential differences involved are far too small 
to permit extrapolation. 

Several workers, notably Schenck, have determined the com- 
position of a gas consisting of CO and CO, in equilibrium with cemen- 
tite. The final conclusion of Schenck’s work,'» which extended over 
some twenty-five years, is embodied in Fig. 1, in which the percentage 
of CO in the CO-CO, mixture in equilibrium with Fe,C and with 
graphitic carbon is plotted against the temperature in degrees 
Centigrade. Schenck’s original data on the Fe,C equilibrium were 
in error, as were those of several other early observers, since they 
failed to realise that CO, will oxidise the iron of cementite. The 
error was finally eliminated by studying also the equilibria with 
H,-CH, mixtures and computing the corresponding CO-CO, 
mixtures by using the known constant for the “ water-gas”’ 
reaction : 

H,O + C = H, + CO. 
Maxwell and Hayes‘® redetermined the reaction constants k, 
and k, for the reactions 


3Fo + 2CO=Fe,C+CO, ..... (I) 
and CO, + C = 2CO Las oe he Sg eee ey 
Since, if AF’, and AF, are the free energy changes accompanying the 


two reactions, 
AF; = AF, — AF, 


is the free energy change accompanying the reaction 


Se + Oe Pee. 2 we el  EE® 
But AF = — RT .In.k for any reaction, hence : 
AF, = — RT(In.k, — In. ky), 
in which = TOF 


for reaction (1) or (2) as the case may be. 

























































208 P SCHWARTZ: THE CONVERSION OF 


Maxwell and Hayes’ data were as follows : 


k, (at 650° C.) = 0-8 
k, (at 700° C.) = 0-4 
k, (at 650° C.) = 4-7 
ky (at 700° C.) = 1-4 


Making suitable substitution of these values in the expression for 
AF,, they found : 
38 cal. 


AF, (at 650° C.) = 31 
281 cal. 


= 3 
AF, (at 700° C.) = 2 
Since AF is the free energy gained by the system, Fe,C is metastable, 
for a system does useful work by losing free energy. Furthermore, 
the stability of cementite increases with rising temperature. 
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Fic. 1.—Composition of CO-CO, Mixtures in Equilibrium with the Iron- 
Carbon System at Various Temperatures. Line 1 is the equilibrium with 
graphite, line 2 with cementite. 


Schenck’s data for the cementite equilibrium (loc. cit., p. 300) 
extend only to 800° C. At higher temperatures graphitisation had 
occurred, producing the equilibrium with carbon. The upper 
corresponding portion of Fig. 1 is therefore apparently not founded 
on direct observation. Knowledge of the free energy of formation 
of Fe,C above the A, point is thus still sadly lacking. 

The equation 


F HdT 
—pat+]a, 
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would make possible the computation of F at any temperature 
7, if one had experimental knowledge of the relationship of H and 
T and knew the value of F for any one finite value of 7’. 

A calculation‘? based on this relation has been attempted, with 
the astounding result that cementite was shown to be stable at 
all temperatures above roughly 800° C. Direct experiment ‘® 
on a fairly pure iron-carbon alloy contradicted this conclusion, and 
it was pointed out that other data than those chosen by Yap ‘” 
would have led to a different conclusion. 

The principal source of uncertainty in this approach to the 
subject lies in selecting a value for the heat of formation of cementite. 
Even the experimental results are widely contradictory, and calcu- 
lations of the heat of formation at other than the experimental 
temperature require a knowledge of the specific heats of graphite, 
iron and cementite as a function of temperature in the entire range 
from the temperature at which the determination is made to that 
for which the heat of formation is wanted. 

The heat of formation of cementite was first examined by 
Campbell,* who obtained a positive value, 8494 cal., by measuring 
the heat of solution of cementitic iron-carbon alloys in solutions of 
copper salts. His data have been disregarded for many years. 
Schenck * calculated for certain CO-CO, equilibria a value of 
8940 cal. in apparent agreement with Campbell. Ruff* and also 
Brodie * by calorimetric methods each obtained a value of about 
— 15300 cal. Watasé-* pointed out errors in the calorimetric 
work and offered a calorimetric value of his own, 366-3 + 1-7 k. cal., 
as the heat of combustion of Fe,C to Fe,0, and CO,, corresponding 
to — 4800 cal. for the heat of formation of Fe,C (at 20°C.). Roth f 
found by calorimetric combustion methods — 3500 cal. (at 25° C.). 

The heat of formation at any temperature other than that at 
which it was experimentally determined can be calculated if the 
specific heats of iron, graphite and cementite be known. The 
best recent work in this field is that of Umino“ and Naeser.“* 
Umino’s data at temperatures above about 300° C. are higher and 
the true specific heat increases more rapidly with the temperature 
than Naeser’s data. 

A re-examination of Naeser’s data disclosed a better interpola- 
tion of his low-temperature values. Schwarz and Ulich“ were 
able to show that below about 150° K. (— 123° C.) Naeser’s results 
fit well on a Debye curve (@ = 460°). Schwarz and Ulich calculate 
the heat content of cementite at 25° C. (298-2° K.) as 


298-2 
| Cdf = 4072 cal. per mol. 
0 
and the entropy as 


298-2 
J Sar = 23-9 cal. per degree per mol. 
0 





* See Watasé.() t¢ See Schwarz.2) 
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Taking Roth’s value of the heat of formation (—3500 cal. per 
mol. at 25° C.) and the entropy of «-iron as 6-50 cal. per degree 
and of $-graphite as approximately 1-40 cal. per degree, the free 
energy of formation of Fe,C at 25° C. according to the equation 
AF = AH—TAS is + 2600 cal. per mol. That is to say, cementite is 
slightly metastable at room temperatures according to these figures. 

The existing work on the heat content of iron has been rather 
recently reviewed ‘15 and embodied in a number of tables for the 
specific heat of «- and y-iron from — 253° C. (20° K.) to 906° C. 

The specific heat of graphite is said “® to be given by the equation 


C, = 1-1 + 0-00487 — 0-0000012T? 


for temperatures between 0° and 2000° C. 

From these data the heat content of a gramme-molecule of 
cementite and of its constituent gramme-atoms of elements has 
been computed. From these results the change in the heat of 
formation with temperature can be directly calculated and applied 
to Roth’s determination at 25° C. to obtain the heat of formation 
of cementite at other temperatures. The results of such calculations 
are summarised in Table I. The heat content of y-iron in the Table 


TABLE I.—Molar Heat Content of Cementite compared with the Heat 
Content of its Components and the Heat of Formation of Cementite 
at Various Temperatures. 















































| Heat Content. ieee : 
os as To nem iter “— of ee 
| tees mol. Jal. per g.-mol. 
| Temp. Cementite. | rein ila | —_ 
Cal. per | OS FS oh RB? 1) 
g.-mol. | | | g.-atom. | 
a-Iron, | y-Iron. | a-Iron. | y-Iron. a-Iron. | y-Iron. 
25 OE: age ey: ule & 0 vee ane me 4 
100 1,962 1,490; ... 194 {res —3778 | 
150 | 3,359 | 2,478]... 335 | 546] ... | —4046 
200 | 5,287 | 3,521; .. | 487 | 1279| ... | —4779| 
250 7,893 | 4,617) ... | 648 2628| ... | —6128| 
300 9,050 | 5,764) ... | 816 3470| ... | —65970| 
350 10,280 6,961 ae 993 2326 | ... — 5826 
400 12,644 8,204 |... 1178 3262) ... —6762 
450 13,266 9,492] ... 1372 2402] ... —5902 
500 13,696 | 10,829 see 1573 | 1294 ne —4794 
550 14,640 | 12,232 see 1781 | O29 |)\ 9 s.- —4127 | 
600 16,050 | 13,741 > | 28 | Deed). sss —3813 | 
650 17,461 | 15,403 --- | 2218 | — 160) .... —3340 as 
700 18,870 | 17,238 | 19,545 | 2447 | — 815| —3122| —2685! —378 
750 20,281 | 19,356 | 20,864 | 2682 | —1757 | —3265| —1743| —235 
800 21,691* | 21,631 | 22,191 | 2923 | —2863 | —3423| — 637| — 27 
850 23,102* | 23,321 | 23,526 | 3169 | —3388| —3593| — 112] + 93 
900 | 24,512*| 24,212 | 24,867 | 3421 | —3121| —3776| — 379| +216 
950 | 25,922* ove 26,217 | 3678 | —3973 -. | +473 
1000 | 27,333* ove 27,579 | 3939 | —4185 | +685 





* Extrapolated. r 
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is calculated on the assumption that the heat of transformation 
at A, is 218 cal. per gramme-atom. The heat content of y-iron is 
therefore above that of the state of iron to which Roth’s calori- 
metric data are applicable. 

The data in Table I. can be used to calculate the free energy 
of cementite at any temperature other than 25° C. The equation 
correlating the free energy, AF, the heat of formation,—AH, and 
the temperature (° K.) is conveniently put into the form : 

AF a 1 AF a9¢° 
oA AHd( -) + =< 298° 
! 298 (7) | 298 
The value of the integral is the area under the curve correlating 
AH and 1/T' between the ordinates 1/298 and 1/7' which may be 


TaBLeE I].—Free Energy (AF) of the Reaction Fe, + C = Fe,C, 
Calculated from the most Acceptable Thermal Data. 


pee | ae 


























Temperature. | Free Energy. Cal. per g.-mol. 
“GC, | “x. | From a-Iron. From y-Iron. 
100 373 2254 
150 | 423 1963 
200 473 1706 
250 523 1341 
300 573 798 
350 623 209 
400 673 — 250 
450 723 — 781 
500 773 —1212 
550 823 —1557 
600 873 —1902 
650 923 — 2252 eas 
700 973 — 2393 —2415 
750 1023 — 2530 — 2552 
800 1073 — 2660 — 2685 
850 1123 — 2809 —2810 
900 1173 —2943 | — 2943 
950 1223 AS: — 3082 

1000 | 1273 wae —3230 








obtained graphically. Using Roth’s heat of formation, — 3500 
cal. per g.-mol. and Schwarz and Ulich’s free energy at 25° C. 
2600 cal. per g.-mol., the results are tabulated in Table II. The 
free energy of the reaction from y-iron is calculated on the assump- 
tion that since the free energies of «- and y-iron are equal at 900° C. 
(more accurately, 906° C.), the free energy of the reaction is the same 
at 900° C. irrespective of whether «- or y-iron is the starting point. 

It will be seen that even the values upon which this calculation 
was based, which from the physicists’ viewpoint seem acceptable, 
do not satisfy the thermodynamic requirements, since they show 
cementite to be stable at temperatures where its metastability is 
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easily demonstrable. A numerically lower heat of formation of 
cementite, a higher free energy at 25° C., a higher specific heat of 
cementite or lower specific heats of graphite and iron would yield 
data more concordant with the known metastability of cementite. 
The contribution of the specific heat of graphite to the calculation 
is so small as to make it unlikely that any error exists in that deter- 
mination sufficiently large to explain the discrepancy. It is not 
certain that Naeser’s cementite did not graphitise, which makes the 
specific heat of cementite a rather likely source of error. Certainly 
the specific heat of iron is much better known than that of cementite. 
The heat of formation of Fe,C can scarcely differ enough from 
Roth’s value to wipe out the error. The experimental data as to 
free energy are not as concordant as one could wish and are still a 
source of uncertainty. 

Such values for AF as Maxwell and Hayes obtained would make 
cementite metastable beyond the temperatures for which values 
for the heat of formation are available. This aspect of the problem 
must be left with the statement that as yet data are lacking upon 
which to base a reliable calculation for the free energy of the 
graphitising reaction. 


Phase Equilibria. 

The double iron-carbon diagram seeks to express the fact that 
carbon as cementite and carbon as graphite may be separately in 
equilibrium with y-iron solutions, though not simultaneously so at 
arbitrarily chosen room pressure. This follows at once from the 
phase rule, for a two-component system of three phases has but a 
single degree of freedom, which is used up when we choose to 
make our observations at one atmosphere. There exist two 
opinions as to whether there are one or two kinds of solid solutions 
in y-iron. The author happens to lean to the belief that solutions 
in equilibrium with graphite have carbon as the solute, those in 
equilibrium with cementite have that carbide in solution as such. 
No evidence as to the character of the solute has yet come to light ; 
evidence that there are two kinds of solid solutions of given carbon 
concentration will be adduced later. 

For the present purpose one is concerned with the boundaries 
of the y field in the iron-carbon diagram, namely, the Ag, Ag, 
and A,, lines, or, as the diagrams are usually lettered, the ES, 
E'S’, GS and G'S’ lines. It is quite evident that if carbon can be in 
solution as such and as a compound, the molar fraction of solvent 
y-iron will differ for a given carbon concentration and the depression 
of the freezing point according to the well-known van ‘t Hoff 
equation 


A/jl 1 
In.%a= 7 T, 


by a given amount of carbon will depend upon the state in which 
it exists. Such a calculation by Korber and Oelsen shows that at 
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721° C. the solubility of carbon should be 0-85% in the metastable 
system (solute Fe,C) and for the stable system (solute carbon) 
about 0-:97%. No satisfactory determination of the carbon solu- 
bility at the point S’ has been made. Experiments by Johnson 
and Junge * have given a value of about 0-:78%. Very accurate 
determinations have shown the stable eutectoid temperature to 
be 738° C. At this temperature the calculated GS’ line defines 
a carbon concentration of 0-79%, in agreement with the experi- 
mental result, which is probably better than the error in the experi- 
mental procedure. Wells“ prefers to assume that GS’ and GS 
are identical, and locates S’ at the intersection of a previously 
determined GS line 2° with P’S’K’ at 738° C. and 0-69% of carbon. 
His G'S line extends to 0-80°% of combined carbon at the point S 
at 723° C., which is slightly lower than the calculated metastable 
line. There is thus some evidence, but not proof, that the two 
Ags lines may not be identical. 

If cementite is metastable towards graphite at all temperatures 
between A, and the eutectic melting point, then the activity of 
carbon in cementite is higher in this temperature range than that 
of graphite, and since the activity of a solute increases with its 
concentration (linearly if the solution is ideal), then if there is but 
one kind of solid solution the carbon concentration of a solution 
saturated with respect to graphite must be less than that 
of one saturated with respect to cementite. The reverse is not 
necessarily true; if there are two kinds of solution the relative con- 
centrations involve the activity of solute carbon in the two kinds 
of solution as a function of concentration. 

Leaning heavily upon Gutowsky for the concentration, Wells 
places the point LE’ at 1145° C., and 1-78% of carbon. The point 
S’ is definitely at 738° C.; Wells puts the concentration at 0-69% 
of carbon, whereas Schwartz!® tentatively suggests 0-78%. The 
point S is definitely placed by Wells at 0-80°% of carbon and 
723° C. and the point # at 1140° C. and 1-79% of carbon. 

Converting the carbon concentrations into molar fractions 
and the temperatures to degrees Kelvin, one has, assuming the 
elements to be monatomic, for H’ a temperature of 1418° K. and 
a molar fraction of carbon of 0-07797, and for S’ a temperature of 
1011° K. and a molar fraction of carbon of 0-02141 or 0-03539, 
depending upon whether Wells’ or Schwartz’s value for carbon 
concentration be used. Applying to these data the van ’t Hoff 
equation in the form 

ae oe 
nxt = alam) 
one finds for the molar latent heat of solution, A, 8926 cal. per 
g.-mol., taking Wells’ eutectoid concentration, and 5549 cal. per 
g.-mol., taking Schwartz’s. 


* See Schwartz.(1® 
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The data for the points HZ and S may be calculated, assuming 
either that the solute is cementite or, in the more orthodox view, 
that it is carbon. At 1413° K. the concentration is either 0-0784 
molar fraction of carbon or 0-3889 molar fraction of cementite. The 
heat of solution of carbon from cementite is 5134 cal. per gramme- 
atom, or the heat of solution of cementite as such is 3203 cal. per 
gramme-molecule. 

Since heat is evolved by the decomposition of cementite and by 
the solution of its carbon in iron, the heat of solution of carbon from 
cementite should be numerically greater than that from graphite. 
The heat of formation in the temperature range under consideration 
is unfortunately small, as shown in Table I. The calculated heat of 
solution of carbon from cementite is comparable with the calculated 
heat of solution of carbon from graphite, using Schwartz’s data. 
Even though the former is less than the latter instead of greater, 
as it should be, there may be those who see herein proof that 
cementite dissolves by dissociating. The position is tenable, 
since the heat of formation is very small at these temperatures. 
Nothing is known as to the partial molar specific heat of the stable 
and metastable solutions, and hence one cannot make any calcula- 
tion involving a comparison of the heats of solution of cementite and 
graphite. 

If there is but one solid solution of carbon in iron, the intersection 
of the H’S’ and ES lines at some temperature above the eutectic 
melting point marks the temperature above which cementite is 
stable, i.e., when graphite and cementite are in equilibrium. If 
two solutions exist, then the intersection has no such significance, 
although it may actually be observed. 

Attempts have been made by Christian Nusbaum * to measure 
the lattice parameters of the stable and metastable solid solutions. 
A single series of observations, corrected for the difference in carbon 
content of the two solutions at 850° C., showed that the solution in 
equilibrium with graphite has a lattice parameter of 3-6410 + 
0-0008 A, the other of 3-6734 + 0-0016 A. Wells, in his original 
paper, refers to the possibility that the stable solution may be less 
dense than the metastable. Itis to be remembered that density in- 
volves not only the lattice parameter but also the number and atomic 
weights of the constituent atoms. Wells called attention to the 
fact that Nusbaum’s stable solution parameter is close to that for 
pure iron (Esser’s figures). If so, it appears that in stable solution 
carbon does not affect the parameter, a supposition not inconsistent 
with the substitution of a few carbon atoms for iron atoms. 
Perhaps the stable solution is substitutional and the metastable 
interstitial. 

Gorton ‘* measured the change of resistance during the graphit- 
ising reaction. His results are shown in Fig. 2. It appears that the 
separation of graphite at constant temperature is always accompanied 
* See Schwartz.) 
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by a decrease in electrical resistance, except that at the beginning 
of graphitisation there is first a rapid decrease to a minimum and then 
a rapid increase followed by a very slow decrease. The complete 
destruction of cementite coincides approximately with the minimum 
of resistance, which suggests a change in character of the solid 
solution when the carbide does not exist as an excess phase. The 
author was moved to consider that two solutions existed, the ortho- 
dox austenite and some other one for which the name “ boydenite ”’ 
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was adopted. If Fe,C dissociates in solid solution, then in the homo- 
geneous y-iron field the mass law requires for the reaction 
Fe,C = 3Fe + C 
that 
[Fe}*[C] _ 1 
[Fe3C] 


The quantities in square brackets represent molar fractions and Fe 
is the solvent iron, excluding the iron of cementite. 
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If, now, Fe,, C, and C, represent the weight percentages of iron, 
carbon as cementite and carbon as graphite, the weight percentage 
of solvent iron Fe = Fe, — 14C,. Then: 
































Fo, — 140, 
Fel = a 
[Fel = Fe, — 140, , 18Ce , Cy 
BBi575 -a80, 42 
Cy 
12 
[C] = Fe, — 14C, , 15C. , Cy 
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15C. 
nein a 180 
[Feg?] = er — Tat, , 180. , Cy 
665.. .180." 42 
[C] _Ce_ _k 
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56 : ae 
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| 100 — (Cy + 15C,) — " ) 
100 — (C, + 15C.) + 4-67(C, + C,) 
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Ce | re.” ee 
(Fe — 14C,) + 4-67(100 — Fe.) 


\ 
jee 





; i 4-67(100 — Fe.) 
100 — Fe, = ,1 + ce T= Ta, ] 


which, when the as yet undermined dissociation constant becomes 
known, permits of the calculation of the weight percentage of carbon 
as cementite from the total weight percentage of iron. 

It will be seen that if there be no cementite in solution, k must 
be infinite, and if there be no graphite in solution, k=0. In 
infinitely dilute solution 100—F, = 0, and hence (1 + k)C, and 
therefore C, are also zero. Since the limit of solubility in solid 
solution is such that Fe, is greater than any possible value of total 
carbon, the fraction is always positive and hence the coefficient of 
k is always greater than unity. It follows that the coefficient of C, 
is also always greater than unity, and hence that C,, the carbon 
in solution as cementite, is always less than the total carbon (100— 
Fe,) for finite values of k. Lacking experimental knowledge of 
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the free energy of dissociation of Fe,C, there are no data for com- 
puting k from such an equation as 


F = —RT.Ink. 


Limitations of Graphitising Reactions. 

It was thought at one time by malleable iron metallurgists 
that the graphitising reaction did not occur at low carbon con- 
centrations. The possibility of graphitising tool steels was, however, 
unpleasantly familiar to toolmakers. More lately,‘ the complete 
graphitisation of a moderately pure commercial steel containing 
0-15% of carbon has been reported, and Wells‘!® has observed the 
formation of graphite in a very pure alloy containing as little as 
0-13% of carbon. The graphitisation of quite pure iron alloys re- 
melted in graphite in vacuo has also been frequently reported.'?® 
That ancient Roman weapons and Chinese cast irons contained 
cementite is, of course, no proof that cementite is stable at room 
temperature, but only that the reactionisslow. It is not slower than 
is consistent with our knowledge of the thermal coefficient of the 
reaction velocity. 


The Molecular Weight of y-Iron. 

Data have been published ‘*® showing that the earlier A,,, and 
A,, lines ‘2% 2” fit the van ’t Hoff form of curve better if the molecular 
weight of iron is taken as some large number corresponding to 100 
or 1000 atoms per molecule than if the metal is assumed to be mon- 
atomic. Also, more probable values of the heat of solution and, by 
extrapolation, of the temperature analogue melting point are so 
found. Since, however, the solutions may be far from ideal, such 
calculations can be offered only as suggestive and not as proof of 
the polymerisation of iron. Evidence has been offered, ‘” however, 
that austenite behaves as an ideal solution at 800° C. 


Reaction Velocity. 

The form of the true graphite/time curves for the isothermal 
graphitising reaction has long been studied,* * at least qualita- 
tively. A quantitative interpretation has also been attempted. ° 
The characteristic curve to be explained consists of a short, nearly 
horizontal straight line,“” followed by a curved segment along 
which the rate of graphite formation increases as time goes on. 
The equation of this segment approximates to: 


c = allt, 


and the segment extends over an interval corresponding to the 
graphitisation of about one-half of the y-iron-insoluble carbon. 
An inflection then occurs, the rate of graphitisation decreasing 
as time goes on, the carbon concentration of saturated “‘ boydenite ”’ 
being approached asymptotically. Below A, this last segment seems 
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to be a logarithmic curve; at higher temperatures the curve is 
empirically found to be decidedly more complex. The form of these 
curves is extremely important in determining the mechanism of 
graphitisation. 

The graphitising reaction is evidently of the first order or mono- 
molecular. Many observers have therefore hastily concluded that 
the time-graphite curve should follow the well-known logarithmic 
form : 

log C’ = log C,’ — ft, 

where C’ is the percentage of combined carbon at time t, C, the initial 
percentage of combined carbon, both measured above the limit 
of carbon solubility at the existing temperature, and 6 a numerical 
constant measuring the reaction velocity. The reaction would pro- 
ceed along this locus if graphitisation took place in situ or if both 
the carbide and carbon remained dissolved in a homogeneous solution. 
All who have even glanced at micrographs of hard iron (Fig. 4) and 
annealed (graphitised) iron (Fig. 5) will recognise that these con- 
ditions are not fulfilled. The reaction would also follow the 
logarithmic locus if the dissociation of Fe,C between the time when 
it is dissolved in y-iron and deposited as crystalline graphite were 
slower than the rate of solution, migration and crystallisation. 

Consider next the conditions in a spherulite of graphite, 
surrounded by a hollow sphere of y-iron solution, the whole imbedded 
in a mass of y-iron solution through which cementite is scattered 
(Fig. 6). The outer surface of the y-iron sphere is saturated with 
respect to cementite and the inner to graphite. The difference in car- 
bon concentration is thus constant. Since the graphite represents the 
cementite originally present in the hollow sphere, the outer radius of 
the latter is proportional to the radius, r, of the graphite sphere ; 
hence its thickness is also proportional to r, and hence the carbon 
gradient is inversely proportional to r. From the geometry of the 
problem as just stated, the mean area of cross-section of the migra- 
tory path is constant per unit area of surface of graphite sphere 
irrespective of its size. Under these conditions the rate of increase 
of the radius, 7, is, from Fick’s law : 


dr Py 
eed 
where a’ is the diffusion constant. Hence : 
= tar®, 
r = Vo’ Vi, 
but the graphite constant of a sphere of radius r and density 
is : 
c= 5 mr, 


4 a’\: 
=g"\3/ "> 


= afi. 
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This reasoning is consistent with the second segment of the graphit- 
isation curve. The termination of that segment when about one- 
half of the excess cementite is destroyed corresponds to the condition 
when the spheres of solid solution become so large as to become 
tangential. Then all the cementite originally present in a sphere 
of radius r, and volume 4xr3 has been graphitised. Assuming 
complete symmetry of distribution, this sphere represents an original 
total volume of 8zxr° of alloy, and hence substantially one-half 
of the volume or one-half of the cementite above the solubility 
limit. The subsequent decrease in the rate of graphite deposition 
is due to the fact that after the spheres overlap, so to speak, a sphere 
of graphite no longer receives carbon atoms from a complete spherical 
surface saturated with graphite. 

Consider the rate at which a sphere of graphite grows at a constant 
linear rate of crystal growth. In that case: 


diy 
aT 
and r= y’t. 


The constant of integration is zero if the time is taken from the 
moment when the first graphite crystal begins to form, hence : 


C= spr’, 
3 
- (fer 
= 96°, 
Now a process can proceed only as fast as its slowest step : 
p p y p 
= = 3 att (from migratory conditions) = A. 
= = 3yt? (from crystallisation velocity) = p. 
When both steps proceed at the same velocity : 
Satt = 3yt?. 
a 
a= it, 
ifas 
i. (3) 


Since « and y are real positive numbers, there will be two numerically 
equal values of —one negative and hence without physical meaning 
—at which the two reactions proceed with equal velocity. But : 
pb 3yt? _ 27 4 
A att a 
i.e., the rate conditioned by the crystallisation velocity becomes 
progressively faster in relation to that conditioned by the migratory 
rate as time goes on. The two have been shown to go on at the 
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same rate for t = V/(«/2y)3, hence at longer times the migratory 
rate corresponds to the slower reaction and determines the rate of 
the process, and vice versa. 

The explanation of the incubation period previously given ‘” 
should probably be modified, and the times at which the point of 
tangency of a curve and a straight line was observed is to be inter- 
preted as the value t = /(a/2y)%. The corresponding values of ¢ 
are too small to permit an experimental decision as to whether at 
the origin the time-graphite curve is a straight line or a cubic 
curve. ‘The time at which the break in the curve occurs obviously 
determines the ratio of « to y, and, since these constants contain, 
besides the numerical values, the diffusivity constant and the linear 
rate of growth of graphite crystals respectively, it makes possible 
the calculation of the ratio of these two constants. It is here to be 
noted that «’, which is contained in «, implicitly contains the initial 
cementite content per unit volume of the alloy. It should be said in 
passing that perhaps a temper carbon nodule should be considered 
to grow, not as a sphere, but as a series of thin discs, of constant 
thickness, all the centres of which coincide at the centre of gravity of 
the nodule. In that case c = yt”, and appropriate modifications 
in the further calculations are necessary. 

As the cementite decreases in amount and hence in surface 
as graphitisation approaches completion, there must come a 
time when its rate of solution determines the reaction velocity. 
Analytical treatment is complicated by the question of the 
initial form of the cementite and of the number of directions 
in which cementite dissolves. During that stage when distinct 
cementite-free y-iron spheres exist, the cementite fragments dissolve 
mainly on the aspects presented towards the graphite nodule, and 
the area of cementite per unit area of graphite remains unaltered. 
Towards the end of the process, when the cementite exists mainly 
as isolated equiaxed fragments, if there be n fragments the mass of 
cementite is jnoexr* if all the fragments have radius r and the 
mass of carbon is ;;nerzr3. The rate of solution of carbon 
will be proportional to the surface of the cementite, that is 4xnr?: 


dc’ aeee 
- i 4nn’/nr*. 
Combining this with c’ = ,‘;nery’r?, integrating and collecting 
numerical terms into a single constant, c’ being the amount of 
combined carbon : 

(c’)# = I a nt, 


where J is the initial value of (c’)* when these conditions apply. 
Plainly c, the graphite content, varies inversely as c’, the combined 
carbon content. Numerous other assumptions‘ could be made 
regarding the disposition of the cementite. 
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Nodule Number and Reaction Velocity. 


So far the reaction velocity has been discussed from the view- 
point of the rate of growth of a single nodule. It is an obvious 
conclusion that the rate of graphitisation of a given alloy should be, 
at least approximately, proportional to the nodule number. 
Means for obtaining from micrographs the number of spheres of 
varying size and distributed unsystematically in a unit volume 
exist. 33,38 Data to be published elsewhere have been collected 
in the author’s laboratory, which show that, all other things being 
equal, the graphitisation rate is not proportional to the nodule 
number, but to a fractional power, about 0-4, of that number. 
This observation would indicate that there is some relation of the 
nodule number to the migratory rate such that causes which increase 
the former reduce the latter. 


The Thermal Coefficient of the Reaction Velocity. 


The rule is general that the velocity of a chemical reaction in- 
creases with the temperature. The logarithm of the reaction 
velocity is found to be a linear function of the temperature. For 
most chemical reactions the reaction velocity is approximately 
doubled by an increase in temperature of 10° C. Migratory rates 
are not so sensitive to temperature, the migratory rate of carbon 
in iron having been found *®” to be multiplied by only 1-103 for a 
rise of 10° C. 

The rate of the graphitising reaction has been observed 
to be multiplied by about 1-23 for a rise of 10° C., the exact amount 
being to some extent a function of the chemical composition. That 
the graphitising rate, if determined by the migratory rate, should 
increase more rapidly with temperature than the migratory rate is 
satisfactorily explained by the general observation that the nodule 
number increases with the temperature “°° 3” (Figs. 7 and 8). 


The Restraining Effect of the Matrix on the Graphitising Reaction. 


Since the density of cementite is greater than the mean density 
of iron and graphite in the proportions required to form the com- 
pound, the decomposition of cementite is observed to increase the 
volume of the system. As is usual with “condensed phases,” 
this increment of volume is so small that the work done against 
atmospheric pressure is trivial. In iron-carbon alloys it is not iso- 
lated cementite which graphitises but cementite enclosed in a matrix 
of steel. The graphitising reaction cannot proceed at all unless the 
free energy of dissociation is sufficient to do the work of deforming 
the matrix. It is well known to those who have studied the creep 
of metals at elevated temperatures that the rate of isothermal 
deformation increases with the stress applied. Conversely, if a hot 
steel bar be stretched slowly it can be elongated by a given amount 
with less force and hence with less expenditure of energy than if 
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it is sought to deform it more rapidly. There is thus the possibility 
of an additional factor controlling the reaction velocity. The rate 
of graphite separation can be no faster than that which will produce 
a rate of expansion of the iron matrix which will accomplish the 
requisite amount of expansion by the utilisation of the entire free 
energy of dissociation. In a temperature range where “creep’”’ is 
negligible there will be no such control of the reaction velocity, but 
the reaction may be entirely prevented if its free energy will not 
suffice for the necessary distortion. Although much knowledge 
requisite for a satisfactory quantitative treatment is lacking, it is 
plain that cementite as a constituent of steel or cast iron is more 
stable than when isolated as the pure substance. 


THE METALLOGRAPHY OF NODULE FORMATION. 


Much has already been said regarding the mechanism by which 
carbon is transferred from cementite to graphite. Equally import- 
ant is the matter of deciding where nodules will occur. The graphite 
masses are assumed to grow from a nucleus. The word for the 
present purpose has only the meaning of the point about which carbon 
begins to deposit. It has so far not been proved that this point 
is a particle of any material substance. The microscope can give 
much information as to the location of these nuclei by tracing the 
positions of the first traces of free graphite. 

If malleable iron be etched with hot alkaline sodium picrate a 
dendritic pattern is produced which duplicates the freezing pattern 
of the original hard iron.°® The temper-carbon nodules are shown 
to be located systematically in relation to this freezing pattern, and 
micrographs of hard iron in which traces of graphite have been 
precipitated show that this relationship exists because the 
graphite nodules first appear at an interface between cementite 
and austenite (Fig. 9). It is also possible to graphitise non-eutecti- 
ferous alloys which are cementite-free at the reaction temperature. 
In such cases graphite has been observed “® to grow in contact with 
manganese sulphide (Fig. 10). 

The reason for the preference of graphite for a point on an 
interface as a nucleus is not difficult to explain. The work required 
to be done in expanding the surrounding matrix when an infinitesi- 
mal carbon crystallite appears may easily be so great in a single- 
phased alloy as to exceed the free energy made available. At an 
interface there exist surface-tension forces predisposing the phases 
to separate and therefore favouring the appearance of a phase 
representing an increase of volume. Because the graphite separates 
as nodules, and not as continuous sheets at an interface, the con- 
clusion is obvious that the nuclei are peculiar points on an interface. 
The peculiarity is not with regard to the radius of curvature in 
magnitude or sign, for nodules of graphite are seen at projecting 
corners, re-entrant bends and flat cementite surfaces. Indeed, the 
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nodule number is not fixed for a given piece of white cast iron. 
If it be heated slowly to the graphitising temperature, more nodules 
are developed than if it be heated rapidly.‘*? These results confirm 
similar observations in the author’s laboratory to be published 
elsewhere. Also, if a given hard iron be quenched from above A, 
and then heat-treated, the graphitisation rate is enormously in- 
creased.‘41, 42, 43 The material so quenched and heat-treated was 
observed ‘* to have’ fewér “and smaller nodules than the normal 
material (Fig. 11). More particular data regarding the effect of 
quenching on the nodule number and graphitising rate will be 
found in the material already repeatedly referred to as offered for 
publication elsewhere. 

It is not so far possible to explain the increment of the nodule 
number as the heating rates are decreased. The best informa- 
tion ‘37,38 jis that fewer nodules form at low temperatures, a fact 
which makes impossible any explanation based on the establishment 
of nuclei at relatively low temperatures during heating. Further, 
the heating rate at temperatures far below those required for 
graphitisation to progress at any observable rate seems to affect 
the nodule number. 

C. H. Junge in the author’s laboratory advances what may be 
a plausible hypothesis regarding the effect of the cooling rate and 
reheating rate of white iron on the nodule number. Most white 
cast irons-show structures suggesting supercooling during freezing 
and perhaps during subsequent cooling. This condition is par- 
ticularly to be expected in metal quenched from well above Aj. 
The matrix of the white iron is thus probably supersaturated with 
carbon as compared with the normal eutectoid composition, and 
vestiges of eutectoid cementite will remain at temperatures above 
A,. These represent many additional cementite-austenite inter- 
faces and corresponding opportunities for additional nucleus forma- 
tion in temperature ranges where graphitisation is fairly easy. 


Melting Conditions in Relation to the Nodule Number. 


Shop observations demonstrate that not all irons of the same 
composition anneal at the same rate. Cases which have been 
studied show that very frequently the changes of the reaction rate 
are expressions of a variation in the nodule number. One has not 
yet a sufficient grasp of the details to discuss all the variations in 
melting practice which may affect the numbers of nuclei and hence 
of nodules. The temperature to which the molten metal is super- 
heated is a major factor in determining the nodule number,’ the 
number increasing with the temperature. The oxidising or reducing 
character of the furnace atmosphere, presumably accompanied by 
a change in the dissolved oxygen (FeO) in the metal is also impor- 
tant,3® the nodule number increasing as the oxidation increases, 
at least within certain limits. 

Many of the relations must be very complicated, for it is known ‘4° 
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that the ladle addition, as ferro-alloys, of chromium, manganese, 
molybdenum and vanadium—all retarders of the graphitising rate— 
to air-furnace iron melted under oxidising conditions increases 
the number of nodules in metal graphitised at 900° C. but not in 
metal graphitised at 700° C. Manganese added to metal melted 
under reducing conditions decreases the number of nodules produced 
at 900° C., but again is of inconclusive effect on the number growing 
at 700° C. 

It has been implied so far that graphitisation progresses by an 
increase in size and not of number of the nodules, and this assump- 
tion has some experimental support.® In the exceptional case of 
nickel, however, it has been observed “® that the increase of graphite 
with time is represented by the equation 


c=-_', 


until the reaction is over 80° complete. Although these observa- 
tions were made before methods for the determination of the nodule 
number per unit volume were available, this equation is not com- 
patible with the same mechanism as has been postulated in the past. 
An increase in number rather than in size of the nodules is a not 
unlikely explanation. So far as the author is now aware, nothing has 
been published dealing with the effect of the graphitisation-accelerat- 
ing elements on the nodule number. 


The Metallography of Ferrite Formation. 


So far attention has been centred on the genesis of graphite 
nodules, that substance being the new phase which makes its 
appearance during the graphitising reaction. Plainly, at any 
temperature above A, the process terminates when the system has 
become again two-phased, 1.e., graphite and y-iron solution, “ boy- 
denite.”” If then the alloy be cooled, the solution becomes super- 
saturated and must rid itself of some carbon. Time permitting, 
it will deposit graphite on the existing nodules. If the cooling 
is carried to just above the stable A, (P’S’K') under conditions 
favourable to the maintenance of stable equilibrium and then carried 
below that temperature, the stable system becomes graphite plus 
«-iron, in which carbon is almost insoluble. The system is confronted 
with the need of rejecting carbon from its solution in iron by deposit- 
ing it as graphite. In general the process is slow and therefore 
susceptible to supercooling. The system may then transiently 
convert itself into the metastable form, in which case the solid 
solution will be somewhat less than saturated towards cementite 
and, again, transiently try to throw out some excess ferrite. If 
cooling be carried below the metastable A, (PSK) the solid solution 
promptly breaks up practically in situ into pearlite. 

Since cementite is still metastable at this temperature, the 
pearlitic cementite will seek a method of graphitisation, generally 
by the migration of carbon to existing graphite nodules. Some ‘” 
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have seen in the fine graphite observed in malleable cast iron, which 
redissolves readily on reheating, evidence of a stable eutectoid. 
Since such fine graphite formed above A, has been found ®® the 
conclusion seems doubtful. 

At temperatures between the stable A, and the metastable A, 
the choice lies between the system ferrite-graphite and austenite 
(possibly plus cementite if cooling from equilibrium at a fairly 
rapid temperature). These conditions favour a very rapid deposition 
of graphite, owing to the enormous carbon concentration gradient. 
The very rapid completion of graphitisation in this temperature 
range has been demonstrated. ‘4® 

If during cooling the microstructure is first completely converted 
into pearlite plus graphite, followed by the subsequent graphitisation 
of cementite, one observes ‘*® that holding at a temperature below 
A, first converts the cementite laminz into spheroids by the action 
of surface-tension forces converting grains of pearlite into grains of 
ferrite in which cementite particles are scattered (Fig. 12). These 
grains, if they abut upon graphite nodules, become depleted in 
cementite in the regions nearest to the graphite, and this depletion 
slowly spreads until all the cementite has been exhausted by 
migration to and crystallisation upon graphite nodules. 

On sufficiently slow cooling through the region just above A,, 
a temperature is reached 4® at which ferrite appears as a grain- 
boundary material (Fig. 13). The width of these grain boundaries 
grows somewhat with decreasing temperature but not with time after 
a certain short interval. Nor does this network increase indefinitely 
with falling temperature. At perhaps 10° C. below the temperature 
at which the first ferrite appeared some ferrite begins to be seen 
adjacent to graphite nodules (Fig. 14). These ferrite zones increase 
in area with falling temperature, until at about 25° C. below the 
temperature at which ferrite originally appeared they represent the 
entire metallic matrix and Ar, has been reached. 

The grains surrounding the graphite nodule are completely ferritic, 
never showing any spheroidised or lamellar pearlitic cementite 
(Fig. 15). They surround the carbon like flower petals; the length 
of the petals radially increases, and sometimes there are two and 
occasionally three rows of petals. This process of graphitisation 
seems to differ from that first described, in that there are nuclei 
of both graphite and iron to promote crystallisation, the iron not 
merely being left behind as an excess phase below A,. Graphitisation 
through the “ bull’s-eye ’’ stage is apparently not so rapid as in the 
region between A, stable and metastable, but is much more rapid 
than through the graphite /laminated-pearlite stage, and differences 
in mechanism are thereby suggested. 


The Metallography of the Graphite Nodule Form. 


Reference has already been made °” to the fact that the number 
of nodules is a function of the graphitising temperature. Their 
1938—ii Q 
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form is also dependent on this temperature. The methods for 
determining the nodule number and size °* treat them as spheres 
which are the circumscribing spheres of the actual irregular sponge- 
like nodules. A comparison of these spherical volumes with the 
volume of graphite per unit volume of alloy as computed from 
chemical analysis gives a number which may be called the “ density 
of packing,”’ 7.e., the fraction of the circumscribing sphere actually 
occupied by graphite. 

The density of packing has been observed in the author’s 
laboratory to depend greatly on the graphitising temperature. 
At 800° C. or over it is likely to be of the order of magnitude of 
30-40%. It will decrease a little with increasing temperature, 
being perhaps 25 or 30% at 900° C. At 700° C., however, it will 
be very high, say, 60-80%. Also, the small nodules of pre-quenched 
white iron“! have packing densities around 80%. 

It is not impossible that the sprawliness or packing density is 
determined by the relative rates of carbon migration and of graphite 
crystallisation. Assuming that a small flake of graphite presents 
its edge towards an oncoming stream of carbon atoms, if the rate 
of crystal growth is sufficient the atoms may all deposit on the edge 
and increase the area of the flake and not its thickness. The 
crystallisation rate being relatively slower, the oncoming atoms 
cannot all be taken care of on the edge and some will be deposited 
on the sides of the flake, even though the rate of crystal growth 
in that direction may be less than in the flake’s plane. The plate 
thickness will then increase with the effect of increasing packing 
density. If the migratory rate increases more rapidly with tem- 
perature than the rate of crystal growth, sprawliness will increase 
with the temperature. 

If metal is held at elevated temperatures for a long time after 
the graphitising reaction is complete, it might be suspected that 
surface energy considerations would produce an increase in the size 
and density of packing and a decrease in the number of the nodules. 
This is not observed to occur. A slight increase in number is 
occasionally noted, which may, however, be fictitious and represent 
the coalescence to visible size of certain previously sub-microscopic 
particles. 

Some unsystematic observations in the author’s laboratory point 
to the conclusion that if nodules completely formed at, say, 900° C. 
are subsequently held at, say, 700° C. (below A,), the tendency is to 
approach the number and packing density characteristic of the 
lower temperature. 

When temper carbon is removed from metal by decarburisation, 
the void which it previously occupied closes up completely. Malle- 
able test specimens decarburised in moist hydrogen by W. P. 
Sykes, of the General Electric Company, showed no voids corre- 
sponding to former graphite nodules, but small shrinkage voids 
remained. Excluding the latter, the density of the metal was in 
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accord with what might be expected for an iron-silicon-manganese 
alloy of the corresponding composition. 


Crystallographic Changes in Cementite. 


The composition of cementite in white iron quenched from 
various temperatures may be calculated from planimeter measure- 
ments of its area and a knowledge of the densities of cementite and 
saturated austenite and of the carbon content of the alloy and of the 
austenite. It appears that the carbon content is widely variable 
with temperature, somewhat as shown in Fig. 3. In the figure the 
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Fig. 3.—Apparent Carbon Concentration of ‘‘ Cementite ”’ as a Function of 


Temperature (diagrammatic only). 


horizontal scale would depend upon the carbon concentration 
chosen for the solid solution, and hence upon knowledge of the 
Acm and Ag, lines, HS and E'S’, and a decision as to which solid 
solution exists. The concentration of carbon in cementite, however, 
approximately approaches that of Fe,C just over the critical point 
and that of saturated austenite at the eutectic temperature. 

No accompanying changes in lattice type or parameter could be 
observed, and the only explanation seems to be that the lattice of 
iron atoms in cementite has considerable independent stability 
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and is capable of taking up various numbers of carbon atoms 
(as a statistical average). Whether one is then to regard cementite 
as a solid solution in a third type of iron instead of as a co-ordination 
compound may be more a matter of the meaning of words than of 
metallurgy. 


The Effect of Other Elements on the Graphitising Reaction. 


For the purpose of summarising the effect of elements on the 
graphitising rate, the existing ninety elements, excluding the two, 
iron and carbon, the reaction of which is being considered, may 
well be divided into groups : 

(1) Gaseous elements universally present: O,, H,, No. 

(2) Elements which are known by experiment not to alloy with 
metallic iron: Li, Na, K, F, Cl, Br, I, Mg, Ca, Zn, Cd, Hg, Pb, Bi, Th 
and Tl. The two latter did not alloy in detectable amounts, but the 
analytical procedure is rather insensitive. 

(3) Elements which probably do not alloy, but have not been studied : 
Sr, Ba, Ra, He, Ne, Ar, Kr, X and Em. 

(4) Elements known to form alloys without measurably affecting the 
graphitising reaction: Ga, As, Cb, Pd, Ta, Pt, Au, Th and T], if the two 
latter alloyed. The stability of the carbide of columbium (niobium) in 
stainless steels suggests that this element and probably tantalum do in 
fact inhibit graphitisation to some extent. 

(5) Elements known to form alloys and retard graphitisation: V, B, 
8, Cr, Mn, Se, Mo, Te, Sb and possibly W to a slight extent. 

(6) Elements known to form alloys and promote graphitisation: Al, 
Si, Ti, Ni, Zr, U, P, Cu, Co and possibly Be. 

(7) Elements which alloy and the effect of which depends upon the 
presence of additional elements besides iron, carbon and themselves : 
Mn, Sn, Ln, Ce and probably other rare earths. 

(8) The remaining elements, which are mostly rare. 


The preceding classification is possibly not altogether scientific, 
for most of the work done in the author’s and other laboratories has 
had a practical rather than a theoretical background and attention 
was in general limited to effects of commercially significant magnitude 
and to elements in such amounts as might occur accidentally in 
commercial irons or as might have economic possibilities as additions. 
The study of the rare and expensive metals cannot be considered 
as exhaustive. 

Of the elements known definitely largely to favour graphitisation 
it is noteworthy that aluminium,‘ silicon,‘*) 53.3) and phos- 
phorus ‘51; 58) occupy columns ITI., IV. and V. in the second line of 
the conventional periodic table; titanium‘ occupies the position 
just below silicon in the [Va. column and zirconium ‘ falls just 
below titanium. Beryllium, which seems to be difficult to alloy 
at all, acting largely as a powerful deoxidiser, is in period 1, column 
II. All of the elements so far mentioned are powerful reducing 
agents. Nickel,® cobalt ‘*® and copper ‘5 are the three ele- 
ments following iron in the periodic system, leaving only uranium,‘5” 
the last known element in the series which falls in the VIa. column, 
among those that favour graphitisation. Some observers ‘5 
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Fic. 4.—White Cast Iron. Etched with nital. Fic. 5.—Malleable Cast Iron. Etched with nital. 
100. x 100. 
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Fic. 6.—Nodule of Temper Carbon Surrounded by Fic. 7.—Malleable Iron Graphitised at about 
Spheroid of Cementite-free Austenite. Etched 950° C. (same white iron as in Fig. 8). Etched 
with nital. x 50. 


with picral. x 300. 
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Fic. 8.—Malleable Iron Graphitised at about Fic. 9.—Early Stage of Graphitisation of White 
700° C. (same white iron as in Fig. 7). Etched Cast Iron. Etched with picral. x 100. 


with nital. x 50. 
(Micrographs reduced to two-thirds linear in reproduction.) 
[Schwartz. 
[To face p. 228 P. 
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Fic. 10.—Graphite Growing on ‘ Manganese Fic. 11.—Malleable Iron Graphitised at about 
Sulphide.’’ Unetched. x 500. 900° C. after quenching same white iron as in 
Figs. 7 and 8 from about 950° C. Etched with 
nital. x 50. 
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Fic. 12.—Product of Graphitisation of the Carbon- Fic. 13.—Initial Appearance of Ferrite in Grain 
Pearlite System. Etched with nital. x 500. Boundaries (see Fig. 14). Etched with nital. 
100. 
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Fic. 14.—Subsequent Appearance of Ferrite near Fic. 15.—Ferrite Deposited without passing 
Temper-Carbon Nodules (see Fig. 13). Etched through the Pearlite Stage. Etched with 
with nital. x 100, nital. x 100. 








(Micrographs reduced to two-thirds linear in reproduction). 
(Schwartz. 
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credit gold and platinum as accelerators. If so, gold follows logically 
in Group I. after copper, silver being insoluble. 

One might generalise that all the elements favouring graphitisa- 
tion, except nickel, cobalt, copper and perhaps uranium are strong 
deoxidisers, or one might regard the occurrence of silicon, titanium 
and zirconium in the column headed by carbon and the presence of 
aluminium and phosphorus on each side of silicon while nickel, 
cobalt, and copper closely follow iron as a clue that similarity of 
atomic structure as to valence atoms perhaps is an important item. 
The fact that boron, the neighbour of carbon in column IIL., is a 
retarder is perhaps a contradiction to so simple a conclusion, 
especially since beryllium on the other side of boron from carbon 
may be an accelerator. Uranium, of course, does not fit in anywhere. 
It will be seen presently that the neighbours of iron in columns 
Va., VIa. and VIIa. are strong retarders. On their left comes 
titanium, an accelerator, just as beryllium comes to the left of boron. 
Some system is vaguely apparent. No investigations on completely 
oxygen-free metal to which accelerators have been added have so 
far been published. 

The quantitative effect of silicon on graphitising rate has been 
measured.%® Equal increments of silicon are found to multiply the 
graphitising rate at any fixed temperature by a given amount. 
This is to say that log « in the expression 


3 
C = aft 


is directly proportional to the silicon content. There is hardly 
sufficient evidence to permit any generalisation as to the magnitude 
of the effect of a given amount of silicon. 

The retarding elements fall to begin with into three groups: 
Non-metals, boron, sulphur, selenium, tellurium ; metals which remain 
as unaltered carbides, vanadium and probably columbium (niobium) 
and tantalum; metals which (at least in moderate amount) retard 
graphitisation but do not prevent its completion, chromium, 
manganese, molybdenum, antimony and perhaps tungsten in fairly 
large amount. 

The traditional view ‘°» has been that cementite in the presence 
of iron sulphide is covered with a film of an iron sulphide which 
interferes with the migration of carbon atoms in the graphitising 
reaction. Objection has been made to this supposition.°® No 
studies have appeared which would permit one to revise with con- 
fidence the earlier opinion. Selenium ‘” and tellurium,“*” being the 
elements immediately below sulphur in column VIb. of the periodic 
system, almost certainly act by the same chemical mechanism. 
That this mechanism involves the presence or absence of certain 
specific sulphides is nearly certain, as will appear later. That 
groups VIb. and VIa. should both contain graphitising retarders 
may be significant to the atomic physicist. Boron is an extremely 
energetic retarder‘*” and might be suspected as a film former. 
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The retarding metals chromium,‘*’ 5 manganese,‘5?, 51, 53) 
molybdenum ‘57 5) and tungsten ‘>? > form well-known carbides 
which are quite stable. So, however, are the carbides of silicon 
and titanium. The suggestion that elements forming stable carbides 
ipso facto retard graphitisation is hardly completely satisfactory. 
It would appear that a complex carbide or one free from iron should 
form spontaneously in a system of carbon, iron and a third element 
only if the activity of carbon were less in the new carbide than in 
cementite, at the temperature of formation. Similarly, the activity 
of carbon in the compound must be less than that of graphite at the 
temperature at which the compound forms spontaneously. The 
direction and rate of the graphitising reaction at some other tempera- 
ture where the carbide may have appeared, say, by supercooling, in a 
metastable state will depend upon the temperature-activity relation 
of carbon in the free and combined states determining the question of 
the degree of metastability of a carbide at the graphitising tempera- 
ture.58 The explanation probably does apply to the permanently 
stable carbides of vanadium and probably columbium (niobium). 

Since manganese, chromium, molybdenum and vanadium 
retard graphitisation while increasing the nodule number,®® it 
seems necessary to believe that they retard the migratory rate. 
Since it is known‘ that manganese does not greatly alter the 
location of the A,, (£’S’) line, it seems likely that such metallic 
elements may influence the rate of migration at a given concentra- 
tion gradient and not merely the difference in solubility which 
motivates the migratory rate. 

The group of elements the effect of which is dependent upon the 
presence of a third element besides iron and carbon has much 
interest. Thus the sulphide, selenide and telluride of manganese 
are more stable than the corresponding iron compounds and the 
manganese compounds do not inhibit graphitisation. The first 
addition of manganese to the system iron-carbon-sulphur therefore 
acts indirectly as an accelerator of graphitisation by rendering inert 
the third element. Cerium‘ (and probably the other rare earths) 
acts similarly to form stable sulphides and no doubt selenides and 
tellurides. Tin acts in a reverse manner. Tin sulphide is more 
stable than manganese sulphide and is deleterious; however, it is 
less stable than cerium sulphide, so that it is inert towards graphit- 
isation in the absence of sulphur or in the presence of cerium. 
Cerium, inert in itself, is indirectly an accelerator if it combines 
with sulphur, but indirectly a retarder by releasing manganese 
if it gets that sulphur from the manganese. 

The common gases are but imperfectly studied. Nothing definite 
is known about nitrogen, but it should be inert. The nucleising 
effect of oxygen has already been alluded to, but it has also been 
seen early in this paper that Schenck’s oxy-cementite is stable 
towards ordinary cementite and indeed towards graphite. Some 
evidence exists that hydrogen is a retarder. 
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Graphitisation as a Periodic Function. 


On the whole most of the accelerating and retarding actions on 
the pure binary iron-carbon system seem to fit fairly well into the 
periodic table. The effects may be summed up as follows : 


Hydrogen is a retarder. 

Group O: The rare gases, chemically inert, probably absent. Complete 
valence shell of eight electrons. 

Group I.: One valence electron. The alkali metals do not alloy. The 
two metals, Cu and Au, in sub-group Ib., which alloy, favour 
graphitisation. The effect probably decreases as the atomic weight 
increases. 

Group II.: Two valence electrons. Except for the first member, Be, 
which may be an accelerator, the elements of neither sub-group 
alloy with iron so far as known. 

Group III.: Three valence electrons. The first member forms com- 
pounds with both iron and carbon and is a strong retarder. The 
second, Al, is a strong accelerator. The rare earths are neutral 
(directly) so far as known, and Tl probably does not alloy, or if 
it does is neutral, as is gallium which does alloy. 

Group IV.: Four valence electrons. The group is headed by carbon. 
The next element, Si, and the succeding elements of sub-group IVa., 
Ti and Zr, are accelerators. Hf has not been studied and Th either 
did not alloy or was neutral. In sub-group IVb. Sn is (directly) 
neutral and Pb does not alloy. 

Group V.: Five valence electrons. The effect of N, is unknown but is 
probably negligible. P is a slight accelerator. In sub-group Va. 
the next three elements, V, Cb and Ta, probably form undecompos- 
able carbides without greatly affecting the graphitisation of cement- 
ite. In sub-group Vb. As is inert, Sb is a retarder and Bi does not 
alloy. 

Group VI.: Six valence electrons. O, is probably a retarder (by forming 
oxides?). S forms compounds and is a retarder. In sub-group 
Via. Cr, Mo and W are retarders, the effect decreasing with atomic 
weight, and U is an accelerator. In sub-group VIb. Se and Te are 
compound-formers and retarders. 

Group VII.: Seven valence electrons. The halides do not alloy. In 
sub-group VIIa. Mn is per se a retarder. 

Group VIII.: Eight valence electrons. The transition triads contain 
Fe as the first member. Ni and Co are accelerators, and the elements 
of higher atomic weight may be to an insignificant degree. 


Elements of low atomic weight are likely to be more active, in either 


direction, than those of higher atomic weight. In one case, group 
Via., the effect passes through a minimum and reverses in direction. 


The Effect of Other Elements upon the Thermal Coefficient of the 

Graphitising Rate. 

The retarding and accelerating effects of the various elements 
have been considered in a somewhat generalised form. It is quite 
well known that the effect of a given element may vary considerably 
with the temperature. Thus the retarding effect of manganese ‘°” 
is relatively moderate at elevated temperatures but becomes 
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enormous below A,. The graphitisation of pearlite goes on at an 
extremely slow rate below the critical point in the presence of 
manganese or of chromium. On the other hand vanadium is relatively 
more active at higher temperatures. Although any scientifically 
complete explanation of the effect of any third element upon the 
graphitising reaction should take into account variations with 
temperature changes, very little work making claim to such com- 
pleteness seems to have been done. 


The Effect of Environment on the Graphitising Rate. 
The opinion has been advanced ‘*” that the graphitising pheno- 
menon is essentially a combination of the two reactions : 
Fe,C + CO, = 3Fe + 2CO 
and 2cO = CO, + C. 


It is also known ‘® that in a CO,-CO atmosphere graphitisation 
at high temperature (above A,) is accelerated by an increase in 
pressure from 1 to 5 atm. but that graphitisation during cooling 
is almost completely suppressed at the latter temperature. Although 
reactions of this type are possible contributors to the conversion of 
carbide to graphite, they are not by any means essential, for graphit- 
isation in a high vacuum is quite possible. Since graphitisation 
is accompanied by an increase of volume, pressure per se should, by 
Le Chatelier’s principle, retard the reaction. It has been observed 
that graphitisation proceeds more slowly in some inert gases at 
room pressure than in a moderately good vacuum. Gases containing 
either hydrogen or oxygen are likely to become converted into re- 
action products involving hydrocarbons or the oxides of carbon 
which may contribute to the reaction rates. The removal of one 
of the reaction products, CO or CO,, for example, leaving the other 
gas in a moderately pure state in such cases may at least in part 
nullify the contribution of the gas to the graphitising process. 
Even the environment during melting has been shown ‘® to affect 
the graphitising rate. Acid-melted metal graphitises more readily 
than basic-melted. After the event one is led to speculate whether 
the difference is due to an effect on the nucleus number. 


CONCLUSIONS. 


It is regrettable that after thirty-five years of contact with the 
problem there are still so many gaps in the author’s comprehension 
of the graphitising reaction. As an outline map in which future 
investigations may fill in details, the following may not be too 
incomplete to have some use. 

Graphitisation is at best not a simple reaction, but a complex 
process involving the simultaneous or successive occurrence of at 
least the following stages: The appearance of a nucleus for the 
precipitation of graphite, the solution of cementite in y-iron (« 
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below A,), the migration of carbon through iron in some form and 
its crystallisation on the nucleus, the dissociation of iron carbide 
and, under some circumstances below A,, the simultaneous precipita- 
tion of ferrite and carbon which may imply the pre-forming of ferrite 
nuclei. 

The rate of the process as a whole is that of the slowest step at 
any given instant. The pure chemical reaction is almost never 
the slowest stage, so that treatment of the process as a mono- 
molecular reaction is entirely inadequate. 

The location of graphite nuclei is determined by the presence 
of interfaces, i.e., by the metallography of the white iron. Their 
number is dependent on many variables, among which are at least 
the melting-furnace atmosphere, the melting stock and the melting 
procedure, the temperature of germination and the thermal history 
of the solid white iron before reaching that temperature. 

At the beginning of the graphitising process its rate is determined 
by the linear velocity of the crystal growth of graphite. Very soon 
the migratory rate of carbon in iron becomes the governing factor 
and quite possibly at the end the rate of solution of cementite does 
so. As a very superficial first assumption, graphite forms by an 
increase in size rather than in number of the nodules. 

On grounds of simplicity one should prefer to believe that but 
one kind of solution of carbon in iron exists. There is, however, 
definite evidence that there may be two kinds. 

Those elements which can enter into combination with carbon or 
carbon and iron, forming compounds in which the activity of carbon 
is less than that of cementite, retard graphitisation, because the 
free energy change on converting them into the elements is less 
than that for cementite. If one can accept the existence of a single 
carbon solution, the mechanism consists of a reduction in the carbon 
gradient in solid solution from carbide to graphite. 

Some elements capable of forming compounds with iron inhibit 
graphitisation by some mechanism involving the existence of such 
compounds. The mechanism by which some elements accelerate 
graphitisation is not understood. Deoxidation is not a satisfactory 
explanation, though most accelerators are deoxidisers. 

The action of elements in accelerating or retarding graphitisa- 
tion is decidedly a periodic function of the atomic number. Those 
skilled in atomic physics may be able to derive generalisations on 
electronic grounds which will explain much. 

Graphitisation may also be carried on by other chemical pro- 
cesses which, if they take place simultaneously with those enumerated, 
can accelerate the process. 

Our knowledge of the thermodynamic constants of cementite, 
carbon and iron is still lamentably deficient, and our ignorance on 
these essential matters precludes any adequate application of thermo- 
dynamic considerations to the study of the process. 
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CORRESPONDENCE. 


Dr. C. B. Post (Reading, Pa., U.S.A.) wrote that Mr. Schwartz 
deserved a vote of thanks for his comprehensive treatment of the 
cementite-graphite problem. 

Several comments could be made, however, concerning the 
thermodynamic treatment of the cementite/iron-graphite equilibria. 
Kelley,! of the U.S. Bureau of Mines at Berkeley, California, had 
reviewed all the available data bearing upon the stability of cementite 
and graphite, and in the writer’s opinion the work of Kelley repre- 
sented the best value for the free energy of cementite which could 
be obtained by thermodynamic treatment and equilibrium measure- 
ments. It was difficult to understand how such a comprehensive 
treatment of the problem by the author failed even to mention 
this important work of Kelley. From Kelley’s recommended 
data one obtained approximately 1217° C. as the temperature 
at which cementite and graphite were in equilibrium. It was 
suggested that some of the heat quantities used by the author were 
in error. 

The writer at one time was interested in the behaviour of the 
A, point of hydrogen-purified carbonyl iron obtained from Dr. 
Mehl of the Carnegie Institute of Technology, Pittsburgh, Pa. 
One of the problems investigated was the effect of hydrogen on the 
lowering of the A, point in this type of highly purified iron, as meas- 
ured by hydrogen-diffusion rates. This work was to be published 
soon in the Transactions of the American Society for Metals. Anti- 
cipating this publication, the writer and Dr. W. R. Ham were able 
to show that the lowering of the A, point in Mehl iron by hydrogen 
could be accounted for by an application of the van ’t Hoff equation 
for the lowering of the freezing point by the presence of a solute. 
The solubility of hydrogen was known in both the y- and «-iron 
phases, and it was found that the heat change at the A, point given 
by Austin ? in a review of the data bearing on this point (Fe(«) = 
Fe(y), 7’ = 1183° K., AH = 218 cal.), when used in the van ’t Hoff 
equation, reproduced the experimental results to a surprising degree 
of accuracy. 

This above-mentioned research had a bearing on the possibility 
of two forms of austenite advocated by Mr. Schwartz. Without 
claiming to be an authority on the structure of austenite, the writer 
believed that a pertinent argument could be made against this 
hypothesis of the author as follows: The writer had calculated the 
activity coefficients of carbon in austenite from the lowering of the 
A, temperature by carbon as shown by Mehl and Wells * for the 

1 K. K. Kelley, ‘“‘ Contributions to the Data on Theoretical Metallurgy,” 
United States Bureau of Mines, Bulletin No. 407, pp. 44-46. 

2 J. B. Austin, Engineering and Industrial Chemistry, 1932, vol. 24, p. 1225. 

3 R. F. Mehl and C. Wells, American Institute of Mining and Metallurgical 
rig eg a" Technical Publication No. 798: Metals Technology, 1937, vol. 

, June, No. 4. 
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Fe-Fe,C system, the published heat-capacity curves for iron below 
the A, point as reviewed by Austin (Joc. cit.), and the method outlined 
by Lewis and Randall? for the calculation of these activity coeffici- 
ents. Without going into detail (as the work would probably be 
published in the future), if one set a, as the activity of «-iron at any 
temperature 7' and y-iron were chosen as the reference state; /, 
the heat content of «-iron referred to that of y-iron as standard ; 

= @ — 7, where 6 was the temperature (° K.) of the A, point in 
pure iron (6 = 910° + 273-1° = 1183-1° K.); and 7 the absolute 
temperature of the new transition point, then : 


dinaa = (jeu) (AHo— [#C, . dp )(1-+ F + ais ); — 


where AHg was the heat effect at the A, point in pure iron when the 
y phase transformed to the « phase. 

At the new A, point caused by the solution of carbon in austen- 
ite (the very small solubility of carbon in «-iron was neglected) 
it was clear that the activity of «-iron was equal to the activity of 
y-iron. Applying the binary mixture law, 2.e., 

om N, 
dina, ( ?) x dlnay, 
where a,, was the activity of y-iron (a, = a, at the new transformation 
point), a, the activity of carbon in this solution, and N, and Ng, 
were mol-fractions of y-iron and carbon in austenite, one obtained 
finally 2 : 
21:5 


dina, = — ( xp) (AHods) 
+ (Be) fas 
mn (=e) (AHe— [#aCy. a9) (#<4), Sede Gael 


where X was the percentage by weight of carbon in the dilute solu- 
tion. 

From the present selection of standard states, as ¢ > 0,a,/X > 1, 
and 


dg —R® _ 
dX  21-5AHo — 
Austin (loc. cit.) recommended AH, = — 218 cal. per g.-atom for 


the heat effect at the A, point, and, as mentioned previously, a 
research of the writer has shown this to be not far from the truth. 


1 Lewis and Randall, ‘“‘ Thermodynamics,” Ist edition, pp. 282-288. 
1923: McGraw Hill. 


2 Such quantities as i a0, . df were to be considered merely as quantities 


which were fixed for any value of ¢. Thus, ([#ac, ; dg)ag became f(¢)d¢. 
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Now AH, must be of such a value that as 6 > 0 a,/X > 1, and it 
was found that a value of AH, = — 230 cal. per g.-atom reproduced 
the lowering of A, by carbon in the Fe—-Fe,C diagram shown by 
Mehl and Wells (loc. cit.). Thus, dé/dX = 565° C. was the lowering 
of the A, point in the infinitely dilute solution per 1% of carbon. 

When the above equations were evaluated as recommended by 
Lewis and Randall (loc. cit.), the following activity coefficients were 
obtained : 


X X 

(% Carbon) a,/X (% Carbon) a,/X 
0-05 1-000 0-5 0-940* 
0-1 1-000 0-6 0-945* 
0-2 1-000 0-7 0:945* 
0:3 0-975* 0:8 0-950* 
0-4 0-960* 


* A small error in any of the numerical integrations could cause this 
slight deviation from unity. 


From the above results it could be said that, within the experi- 
mental errors (principally the heat capacities in the neighbourhood 
of the magnetic transition in iron) and the graphical errors, the solu- 
tion of carbon in austenite, as obtained from the best Fe—Fe,C 
diagram at the present time, formed almost, if not exactly, a perfect 
solution in austenite. 

Thus, if carbon in austenite formed almost a perfect solution 
when the Fe—Fe,C system was considered, was it logical to consider 
its solution to be otherwise when the Fe-graphite system was con- 
sidered? To the writer’s mind this made the author’s assumption 
extremely doubtful, viz., that two forms of austenite existed. 

The applicability of a mass-action expression to the dissociation 
of a solute in solid solution was extremely doubtful. The only 
instance where the simplified mass-action expression could conceiv- 
ably be used with safety would be in a system where complete 
exchange of energy among all the degrees of freedom of the constit- 
uents could exist. It was stretching the limits of theoretical know- 
ledge, at the present time, to suppose that such a condensed system 
as a solid and its solute would have this exchange of energy. 





AUTHOR’S REPLY. 


Mr. ScHwaRTZ replied that Dr. Post’s suggestion that a reference 
to the well-known compilation of the U.S. Bureau of Mines would 
have improved the bibliography might have some merit. One 
always had to stop somewhere, and since K. K. Kelley’s work was 
that of a compiler and editor and not in this connection that of an 
experimenter, such reference was omitted. If his critical survey 
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was to be adequately represented, a reference to an earlier publica- 
tion } was equally important. 

Lest the reader be under the misapprehension that Kelley was 
guided by data not considered by the present author, it was well to 
quote as follows with regard to the heat of formation and specific 
heat of cementite : ‘‘ Of these measurements and calculations those 
of Roth and Naeser appear to be worthy of the most consideration.” 

Kelley did consider certain data of Watasé regarding the iron- 
carbide/methane equilibrium which were ignored by the present 
author, and with regard to the CO-CO, equilibrium with cementite 
said “‘ the measurements of Bramley and Lord are the most con- 
sistent . . . Schenck’s, Maxwell and Hayes’ and Matsubara’s 
results are not greatly different considering the difficulties . . .” 

For the convenience of British readers the equations developed 
by Kelley regarding the graphitising reaction were reproduced as 
follows : 

3Fe(a) + C(B graphite) = Fe,C(a). 
4H = 4255 + 6-497 — 3:35 x 10°77? — 1-169 x 10°7"1. 
AF® = 4255 — 14-957 log T + 3-35 x 10°°7? — 0-584 x 1057"1 + 37-847. 


3Fe(a) + C(p graphite) = Fe,C(f). 
4H = 3510 + 11-957 — 10-15 x 10°77? — 1-169 xX 10571. 
AF® = 3510 — 27-52T log T + 10-15 x 10°°7? — 0-584 x 1057+ 69-817. 


3Fe(8) + C(B graphite) = Fe,C(f). 
4H = 3800 + 5-987 — 5-62 x 10°87? — 1-169 x 105771, 
AF®° = 3800 — 13-777 log T + 5-62 x 10°? — 0-584 x 1057! + 32-767. 


3Fe(y) + C(B graphite) = Fe,C(f). 
4H = 3780 — 0-867 — 0-58 x 10°°7? — 1-169 x 10°77". 
AF° = 3780 — 1-98T log T + 0-58 x 10°72 — 0-584 x 1057-1 — 9-667. 


As quoted by Dr. Post, Kelley said that the last equation became 
zero at about 1480° K. (1207°C.). This meant that above this 
temperature solid cementite would form from graphite and y-iron. 
It was silent on what would happen if the iron were liquid. 
Obviously at 1200°C. the hypereutectic alloys would consist of 
either carbon or cementite and liquid. So far as was known, the 
liquidus of the hypereutectic alloys near this temperature did not 
suggest a change in the character of the equilibria. The reaction 
would then involve the dissociation of cementite into graphite and 
a saturated liquid solution of carbon (in some form) in liquid iron. 
A calculation would be possible if we knew the character of and heat 
of solution for the liquid. 

Dr. Post’s argument that, if in steel the y-iron solution was one 
of carbon, there was no point in assuming the existence of another 
solution, was no better than the underlying postulate which was 
not yet proved to be correct. 

1 “Contributions to the Data on Theoretical Metallurgy, II. High- 


Temperature Specific-Heat Equations for Inorganic Substances,” U.S. Bureau 
of Mines, 1934, Bulletin No. 371. 
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Calculations had been made by others, Kérber and Oelsen, for 
example, quoted by J. B. Austin,! as to the course of the A, line if 
a given amount of carbon in y-iron solution was present as the 
element or the carbide. The experimentally determined metastable 
A, point was in better agreement with the assumption that the 
solute was Fe,C than carbon. 

The author was of the opinion that any decision as to the 
existence of one or two types of solid solution on thermodynamic 
grounds alone was impossible, because no data of a precision 
permitting such a conclusion were available. A final conclusion 
must include consideration of as many other types of evidence as 
possible. 

The last paragraph of Dr. Post’s discussion came as a distinct 
surprise. His phrase “ where complete exchange of energy among 
all degrees of freedom of the constituents could exist ’’ was merely 
equivalent to saying “ where equilibrium could exist.” 

The mass law said nothing about how fast equilibrium was 
approached, but only what conditions existed when it was reached. 
Its only limitation was to a homogeneous system. It seemed quite 
certain that diffusion of carbon in y-iron occurred at much more 
than measurable rates so that the system could approach chemical 
equilibrium, which was only saying energy equilibrium at rates 
which were certainly finite and perhaps even fairly rapid, though 
of course slower than in liquids or gases, especially if turbulent. If 
cementite could in reasonable times be converted into graphite with 
the transport of carbon through microscopically rather large 
distances, certainly cementite in solution could transfer its dis- 
sociation products homogeneously to a solution. 


1 J. B. Austin, ‘‘ A Thermodynamic Study of the Iron-Carbon Diagram,”’ 
Metals and Alloys, 1933, vol. 4, Apr., p. 49. 
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THE QUENCH-AGEING OF STEEL.* 


y Proressor J. H. ANDREW, D.Sc., anp E. M. TRENT, M.MeEt., 
Pu.D. (IRONMONGERS COMPANY RESEARCH SCHOLAR). 


(THE UNIVERSITY OF SHEFFIELD.) 
(Figs. 26 to 67 = Plates XIX. to XXIX.) 


SUMMARY. 


Details are given of experiments carried out to determine the 
effect of carbon upon the rate and magnitude of ageing, as measured 
by increment in the Vickers hardness values—ageing being brought 
about by quenching the normalised steels from temperatures below the 
Ac, transformation point. 

The effect of small additions of silicon, manganese, aluminium 
and molybdenum have also been determined. The method adopted 
was to carburise pure iron in acetylene gas, along with pure iron to 
which the special elements had been added. The carburised bars 
were sectioned by cutting them at such an angle as to allow of a large 
number of hardness impressions to be taken between the carburised 
surface and the centre of the bar. 

In nearly all cases, it was found that the maximum increment in 
hardness at 25° C. occurred in a zone corresponding to a carbon content 
of approximately 0-035%, after quenching from a temperature 
just below the Ac, point. This carbon content corresponds to that 
amount which is regarded as the limit of solubility of carbon in a- 
iron. 

The addition of manganese up to 1:0% or of molybdenum up to 
1-0% decreased the ageing; silicon up to. 0: ‘88% produced but small 
differences, whilst aluminium up to 0-47% 4 brought about an increase 
in ageing as measured by hardness determinations. 

Nitrogenised iron after quenching from certain temperatures gave 
a much greater increment in hardness as compared with iron-carbon 
alloys; further, nitro-jnartensite, unlike martensite in an iron-carbon 
alloy, showed considerable ageing at atmospheric temperature. The 
view is held that the increment in hardness produced in ageing is due 
to the strain in the lattice produced by carbide of iron or nitride of 
iron, prior to their precipitation from solid solution. 

The effect of a Vickers diamond impression when made immedi- 
ately after quenching for ageing and after quenching followed by 
fully ageing, is of considerable interest. In the former case, no effect 
upon the precipitation was produced, but in the latter the whole of the 
carbide or nitride immediately surrounding the impression was 
taken into solution. This clearly signifies that mechanical strain is in 
itself sufficient to bring about a re-solution of carbide or nitride, 
when such a strain is imposed at atmospheric temperature. Whether 
this is due to a temperature effect along the slip planes cannot as 
yet be stated, but further work is in progress relative to this problem. 








* Received May 31, 1938. 
1938—ii 
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INTRODUCTION. 


AGE-HARDENING is defined by Epstein’ as “a spontaneous 
increase in hardness at room temperature with time, the process 
being accelerated by raising the temperature slightly.” Age- 
hardening, as thus defined, occurs in mild steels both after quenching 
from within a certain temperature range and after cold-working, 
the first type being known as “ quench-ageing ” and the second as 
“ strain-ageing.”” It is with quench-ageing that this investigation 
is concerned. 

The definition given above of the process of age-hardening is 
in many ways imperfect. In the first place the increase in hardness 
which occurs on ageing is far from spontaneous—it is part of a 
process induced either by cold-work or by heating followed by 
rapid cooling from a specified temperature. The fact that the 
increase in hardness takes place in some systems at room temperature 
is entirely fortuitous. A process exactly analogous to the age- 
hardening which occurs in mild steels, duralumin, &c., at room 
temperature takes place only at higher temperatures in other 
alloy systems. For instance, iron-copper alloys containing 3 or 4% 
of copper when suitably heat-treated will increase in hardness with 
time if heated to 400° C. or thereabouts, but will not change in 
hardness at room temperature. There is no reason why the process 
occurring in iron-copper alloys should be classified separately from 
that occurring in alloys which are said to “ age-harden”’ at room 
temperature. On the other hand, the term “ age-hardening ” 
seems to have but little meaning when applied to a process taking 
place at 400° C. 

Further, the above definition of age-hardening is inaccurate, 
because, while an increase in hardness is noted during the process, 
this is not the only nor in some cases the most important change 
of properties that accompanies the process. Any definition of 
“ age-hardening ” should take account of this fact. 

It has already been mentioned that the term “ age-hardening ”’ 
is an unsatisfactory one from the scientific point of view; however, 
as it is used almost universally in describing the process involved 
it will be used here, together with the term “ ageing,” since in steel 
the effect is produced at room temperature. » Other terms which are 
used to describe the process are “ precipitation-hardening,” “‘struc- 
tural hardening,” and “ dispersion-hardening.”” The term “ pre- 
cipitation-hardening ”’ is more correct in some ways than “ age- 
hardening,” since it makes an attempt to designate the process 
according to the current theory that the hardening is caused by a 
precipitation of particles in the crystal lattice. It is not certain, 
however, that in all cases an actual precipitation does occur—e.g., 
in duralumin—but rather that some atomic disturbance preliminary 
to precipitation may be the cause of the hardening. The term 
“structural hardening ’”’ indicates that the hardening is caused 
by a change in the internal structure of the metal rather than by a 
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change of composition ; this, however, is a very broad term and could 
apply to types of hardening not usually included under the category 
of “‘ age-hardening ”—such as that due to a suppressed phase change. 

The term “ dispersion-hardening ”’ is perhaps the most accurate 
term used to describe this process. It indicates that the hardness 
depends on the state of dispersion of the atoms of one element in 
the lattice of the other—in accordance with the current theory of 
age-hardening. 


Historical. 
The change of properties at room temperature after quenching 

to retain a supersaturated solid solution was first noted in aluminium 

alloys which were developed by Wilm from about 1907 to 1913. 

The theory of precipitation-hardening was first put forward 
to explain the age-hardening of duralumin, and was developed in 
America in 1919 by Merica and others at the Bureau of Standards. 
The main points of this theory were that a supersaturated solid 
solution could be retained at room temperature by quenching a 
solid solution which, on slow cooling, would precipitate some of 
the solute. At room temperature this supersaturated solid solution 
tended to break down, depositing the excess solute as fine particles 
of sub-microscopic size on or within the crystal lattice. These 
particles prevented slip along the crystallographic planes and thus 
hardened the material. 

The development of this theory up to 1932 is very clearly out- 
lined by Merica. He shows that it is uncertain whether in all 
cases an actual precipitation of the solute does occur. It seems 
likely that in some systems there may be a complete precipitation 
of molecules or of larger particles, while in others the hardening 
may be caused by a distortion of the lattice accompanying some 
condition between solution and precipitation. Merica also tabulated 
over a hundred alloy systems in which precipitation-hardening 
occurred and which had been investigated. He emphasised the 
very frequent occurrence of age-hardening in alloy systems, since the 
main pre-requisite for age-hardening was an increase in solubility 
of one phase in another with increasing temperature, and this was an 
almost universal tendency. The important possibilities of industrial 
applications of age-hardening alloys, particularly through the 
development of ternary alloys, were also commented upon. 

The embrittlement of mild steels after ageing at room tempera- 
ture, or at higher temperatures (as, for instance, in boiler plates), 
was noticed as early as the end of the last century in the phenomenon 
known as “ blue-brittleness.” It is of interest to note that Pro- 
fessor Arnold ‘ in 1897 quenched mild steels at various temperatures 
between 400° and 900° C. He found that the tensile strength was 
increased after quenching even when the quenching temperature 
was well below the A, point. The actual “stiffening ’’ which was 
measured must have been due to the increased solubility of carbon 
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in the steel at the quenching temperatures, plus the small amount 
of age-hardening which would have taken place before the test was 
made. 

In 1926 it was first suggested that the embrittlement of mild 
steels under certain conditions might be due to precipitation- 
hardening. In 1927 Masing and Koch* in Germany showed pro- 
nounced ageing in iron-carbon alloys quenched from below the A, 
point. They considered this to be due to precipitation-hardening, 
made possible by the decrease in solubility of carbon in «-iron 
between 700° C. and room temperature. In the same year 
Whiteley ‘“ showed that carbon, or cementite, was soluble in «-iron 
and that the solubility increased with the temperature up to the A, 
point. Since that time a large number of papers have been published 
in America and in Germany on the subject. 

Bates ‘ in 1932 examined the process of quench-ageing in 
extra-soft steel, and showed the changes in tensile properties and 
hardness that resulted. The results were interpreted as indicating 
that the ageing was a form of precipitation-hardening depending 
on the precipitation of Fe,C from a supersaturated solution in 
«-iron. Iron containing under 0-008% of carbon or over 0:-6% of 
carbon underwent no age-hardening. The maximum effect occurred 
after quenching from 700° C. and ageing at room temperature for 
25-30 days. In this period the tensile strength increased about 
50% from 30 tons per sq. in. to 46 tons per sq. in. 

Hensel and Larsen ‘“® examined the embrittlement of weld 
metal. They gave results which indicated that the age-hardening 
of weld metal after being quenched from 600° C. depended entirely 
upon the nitrogen content. The hardness and tensile strength 
increased during ageing; so also did the coercive force, while the 
remanence and permeability varied inversely with the coercive 
force. The quenching temperature which produced the maximum 
ageing in this material was 600° C. The maximum hardness 
attained on ageing was higher (260 Brinell) and more quickly reached 
(3 days) than with the low-carbon steels of Bates. Work done by 
K6ster in Germany as early as 1928 also tended to show that nitrogen 
was responsible for ageing. 

Recent work on the réle of nitrogen in welds by Portevin and 
Séférian ” has largely confirmed these results, except that the 
maximum hardness attained was only 225 Brinell. 

Iron containing several per cent. of copper has been shown 
to age after suitable heat treatment, but ageing takes place only 
at temperatures in the neighbourhood of 400° C.® The presence 
of copper apparently does not interfere with the ageing brought 
about by carbon in steel; both processes take place independently 
at their respective temperatures. 

Considerable controversy has been caused by the relation of 
oxygen to the age-hardening of steel. The issue has been confused 
* See Epstein, 
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somewhat by the fact that there are two types of ageing—quench- 
ageing and strain-ageing. Several investigators have put forward 
concrete evidence to show that strain-ageing is due to the presence 
of oxygen.’ 1 Herty and Daniloff, as quoted by Epstein, have 
produced evidence to show that steels in which the oxygen is “‘ fixed ” 
by killing with aluminium are less subject to quench-ageing than 
rimming steels. This evidence is directly contradicted by Davenport 
and Bain,“ however, who show that considerable age-hardening 
occurred in a steel containing 0-27% of aluminium. Other workers 
also have published results indicating that oxygen does not produce 
ageing in steel after quenching from below the A, critical point.44 1 

It is quite possible that oxygen may affect the quench-ageing 
process indirectly. Swinden and Bolsover ‘!® showed, for instance, 
that the impact values of fine-grained steels were unaffected by 
ageing after quenching, while the impact values of coarse-grained 
steels were reduced 50% by this same treatment; the inherent grain 
size of a steel is said to be largely determined by the oxygen content 
of the steel. It will be noted that whilst the impact value after 
ageing is dependent on the inherent grain size, the change in hardness 
is independent of this factor, and hence is unaffected, even indirectly, 
by the oxygen content. 

Davenport and Bain gave a very thorough time-temperature 
analysis of the quench-ageing and strain-ageing processes in certain 
mild steels. They concluded that the precipitation of carbide was 
the cause of quench-ageing, and the precipitation of oxides the cause 
of strain-ageing. 

Kilander, Fry and Gottwald ‘!® have conducted a most extensive 
examination of the effect of the addition of other elements (titanium, 
vanadium, chromium, manganese, molybdenum, silicon, aluminium) 
to age-hardening alloys of iron and carbon, iron and nitrogen, and 
iron and copper. The results indicated that a comparatively large 
percentage of these elements (4% of manganese, 4:2% of chromium, 
3% of molybdenum, &c.) can suppress the ageing process in material 
which would age-harden normally in their absence. 

Very little work has been done on the examination of the process 
of age-hardening in steel by means of X-rays. Burns “® reported 
that alloys of iron and carbon quenched from 680° C. showed an 
increased lattice parameter when the carbon was over 0-004%. 
It was found, however, that there was no change in the lattice 
parameter on ageing at room temperature. These same character- 
istics were observed in iron-nitrogen alloys. Whilst no change 
in the lattice parameter occurred on ageing at room temperature, 
the lattice parameter decreased rapidly on ageing at 50°C. Burns 
concluded that the age-hardening in iron-carbon and iron-nitrogen 
alloys was of the “ knot-formation type ” as in the ageing of dura- 
lumin at room temperature, 7.e., that the hardening is caused by 
some re-arrangement of the molecules preliminary to actual pre- 
cipitation of the solute. 
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PRELIMINARY TESTS ON A SERIES OF COMMERCIAL MILD STEELS. 


A series of preliminary experiments was carried out on a number 
of commercial mild steels. A full account of these tests has been 
given in the “ Bulletin of the Cold-working Department of the 
University of Sheffield” for 1936. The most important results 
of these experiments from the point of view of the present paper 
are summarised in Tables {., II. and III. Table I. gives the chemical 


TaBLE I.—Composition of Steels. 

















—_ | Manufacturing Process. |O. %.|Si. %.|Mn. %.| 8. %.| BP. %.|Ni. %.|Cr. %. 
: | 

2 | Crucible | O- 08 | 0-085 | 0-38 | 0-035 | 0-016] ... Ree 

4 Basic O.H. (solid) | 0-102 | 0-083 | 0-41 0-033 | 0-017 | 0-07 Nil 

5 Basic O.H. (rim- | 0-075 | Nil | 0:37 | 0-:029/ 0-018) Nil 0-04 
ming) 

7 Acid Bessemer 0-08 | 0-049 / 0-37 | 0-057 | 0-025 | Nil Nil 
(rimming) | 





TaBLE II.—Tensile Tests (Tensometer). Effect of Ageing. 
All test-pieces water-quenched from 680° C. 























Maximum Stress. Tons per sq. in. | Yield Point. Tons per sq. in. | 
eee a a SO Ee eS ee een. eed | 
Steel No. Ageing Time. Increase. | Ageing Time. | Increase. 
1Hr. | 50 Days.| Tons. | %,. | 1 Hr. | 50 Days.| Tons. | %. | 
2 27-6 | 35-6 | 8-0 29 | 16-2 | 25:9 | 97 | 27-6 
4 29-1 37-2 | 2c 28 | 180 | 25-6 76 | 28-6 
5 28:9 38-0 | 9-1 31 | 17-5 | 25:7 8-2 | 28-2 
7 31-7 41-5 | 9-8 | 31 | 19-3 | 27-6 8-3 | 31-6 








TaBLE III.—Brinell Hardness. Effect of Ageing. 
All test-pieces water-quenched from 680° C. 








Brinall Hardness Number |  Brinell ee + aaa multiplied 
4 | ry 0-2. 





Steel No. . . 
Ageing Time. Increase, | Ageing Time. 








| 6 Hr, | 50 Days. | Points. 








143 189 = 
141 190 


158 208 





o 
= 
= 
" 
a 
“th aod Be 
= 4 
a 
sa] 
g 
=) 
a 
° 
° 





a 
138 | 184 | 46 | 
| 
o | 


1 Or ® bo 












THE QUENCH-AGEING OF STEEL. 247 Pp 


composition of four of the steels examined; all were low-carbon 
steels with medium manganese contents, but made by different steel- 
making process. Table II. shows the effect of ageing on the tensile 
properties of these steels after quenching from 680°C. The increase 
in both maximum stress and yield point due to ageing was of the 
order of 30% in each of the steels. It was also found that the limit 
of proportionality increased, and that the elongation and reduction 
of area decreased, although not to the same extent, the steels re- 
maining very ductile even in the as-aged condition. The resistance 
to impact as measured in the Izod impact test was reduced to a very 
low value in the aged material (10-20 ft.lb.). Table III. shows 
the effect of ageing on the hardness of the same steels after quenching 
from 680° C. The percentage increase in hardness was somewhat 
higher than that of the maximum stress, but was of the same order. 
The right-hand half of this Table shows that a useful approximation 
to the maximum stress can be obtained by multiplying the Brinell 
hardness number by 0-2. For the remainder of this research the 
test used almost exclusively was the hardness test, as the large number 
of examinations to be made demanded the use of a rapid and con- 
venient test, and, as the foregoing results have shown, the hardness 
number gives a good indication of the tensile strength of the 
material. 

It was shown that, on reheating fully aged steel to temperatures 
above 100° C. for 1 hr., over-ageing occurred; the steel became 
softer and the tensile strength was reduced. Thus the limit of 
proportionality of steel No. 2, which was 25 tons per sq. in. in the 
fully aged condition, was reduced to 19 tons per sq. in. after heating 
for 1 hr. at 150° C. and to 13 tons per sq. in. after reheating to 250° C. 
for 1 hr. 

Micro-Examination.—The usual theory put forward to explain 
the process of quench-ageing, whether in steel or in any other age- 
hardening alloy, is that it is caused by the precipitation from super- 
saturated solid solution of particles of the solute in a highly dispersed 
form on the lattice of the solvent, or by some redistribution of the 
solute atoms on the solvent lattice, preliminary to precipitation. 
Merica ® has pointed out that there appear to be some systems in 
which the precipitated particles are so large as to be visible under 
the microscope before over-ageing occurs, but this is true of only a 
small minority of the age-hardening systems; in most cases the 
material is over-aged before any visible precipitation occurs. 

Previous investigations of ageing in steels have led many ob- 
servers to the conclusion that the quench-ageing of steel is primarily 
due to the precipitation from supersaturated solid solution of 
cementite in the lattice of the «-iron. It is now generally accepted 
that the solubility of carbon in «-iron increases with the temperature 
to a maximum at the A, point, where the solubility is about 0-035% 
(diagram Fig. 1). As early as 1927, Whiteley ‘” demonstrated 
conclusively the solubility of carbon in «-iron, and gave photo- 
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micrographs showing its precipitation from supersaturated solution 
on reheating to 300° C. or above after quenching from just below 
the Ac, point. It was decided to investigate this precipitation. 

Small specimens of steel No. 2 (Table L) were quenched in water 
from 680° C. and reheated for 1 hr. to various temperatures from 
100° to 600° C. and again quenched in water after reheating. Photo- 
micrographs of these specimens are shown in Figs. 26 to 34. After 
reheating to 100° or 150° C. for 1 hr. no evidence of precipitation 
within the ferrite grains could be found on examining the steel under 
the highest magnification available (x 1500). Fig. 26 shows the 
structure of the steel reheated to 100° C. for 1 hr., after etching 
in a 2% solution of nitric acid in alcohol. 
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Fic. 1.—Section of Iron-Carbon Diagram showing Solubility of Fe,C in a-Iron. 
(According to Whiteley.) 


The first evidence of visible precipitation within the ferrite 
grains was obtained after heating for 1 hr. to 200° C.; Fig. 27 shows 
the definite but very fine precipitation throughout the ferrite grains 
at this temperature. This specimen and the others, unless otherwise 
mentioned, were etched in 2% nitric acid in alcohol. Figs.. 28 
and 29 illustrate the structure of the steel after reheating to 275° 
and 300° C., respectively. The effect of the increasing temperature 
was to increase the size of the precipitated particles and to decrease 
their number. Fig. 29 shows, besides the precipitation within the 
grains, a thickening or doubling of the grain boundaries. On 
etching this specimen in a solution of picric acid in alcohol, a reagent 
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which does not easily etch up the grain boundaries in ferrite, it was 
seen, Fig. 30, that the precipitated material had had a definite tend- 
ency to go to the grain boundaries, but was present there as discrete 
particles and not, as the nitric etch seemed to indicate, as a continuous 
film. 

Figs. 31 and 32 represent the structure of the steel after reheating 
to 400° C. for 1 hr., Fig. 31 after a nitric acid etch, and Fig. 32 after 
a picric acid etch. Fig. 32, in which the specimen was etched very 
deeply, brings out even more clearly the fact that the precipitation 
at the grain boundaries is in the form of discrete particles and not 
as a continuous film. It seems unlikely that particles precipitated 
in this form would seriously weaken the grain boundaries, a theory 
which is supported by the fact that the material in this condition 
has an impact value of 80-90 ft.lb. Izod impact tests were made on 
test-pieces from steel No. 2, quenched from 680° C. and aged or 
reheated to various temperatures for 1 hr. and broken immediately. 
The results were as follows : 


Ageing, or Reheating Izod Value. 
Temp. °O. Ft.Ib, 

15 88 
100 91 
200 90 
300 91 
380 86 
500 84 
600 81 


Figs. 33 and 34, both etched in picric acid, show the structure 
after reheating to 500° and 650° C., respectively. Practically no 
precipitation within the ferrite grains has occurred, but a large 
number of particles at the grain boundaries is evident. After 
etching for over half an hour in boiling alkaline sodium picrate 
these particles were stained black, as was the cementite in the pear- 
lite. This does not necessarily prove that the precipitated particles 
were cementite, since nitrides also are stained black by alkaline 
sodium picrate, but since no nitride needles were ever seen in this 
steel, and since any small amounts of nitride would almost certainly 
have been redissolved at 600° C., it seems almost certain that these 
particles were carbides. Also, as will be shown below, nitrides are 
precipitated in the form of thin plates (needles in cross-section) 
along certain crystallographic planes, while the particles precipitated 
in these steels were apparently round. 

These results confirm those of Whiteley, in showing that carbon 
or carbides can be held in supersaturated solid solution in «-iron 
and be precipitated out as fine particles throughout the ferrite grains. 
On heating to temperatures of about 200° C. these particles become 
large enough to be visible under the microscope. It seems probable 
that at lower temperatures a precipitation occurs which is so fine 
as to be invisible under the microscope, and that this precipitation, 
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or some straining of the lattice due to an atomic process preliminary 
to precipitation, is the cause of the age-hardening following the 
quenching of mild steels just below the Ac, point. 


The Influence of the Elements Manganese, Silicon, Molybdenum, 
: and Aluminium on the Age-Hardening of Steel. 


An examination of the effect of various elements upon the quench- 
ageing of steel is of value both from the theoretical aspect and also 
with regard to the implications which age-hardening has to industry. 
An estimation of the réle played by the various elements in inhibiting 
or increasing the age-hardening of iron-carbon alloys is of importance, 
and would give some idea of the influence of these elements upon the 
solubility of carbon in «-iron. From the industrial aspect it is 
important to find out what elements increase or decrease ageing, 
whether ageing is regarded as being undesirable in reducing the 
resistance of the steel to shock, or as a means of improving the tensile 
strength, hardness, &c. 

A method was devised whereby it was possible, on a small 
number of specimens, to show the effect of ageing on the hardness 
of steels over a very large range of carbon contents. A series of 
iron-manganese alloys was made in a 15-lb. Ajax-Northrup high- 
frequency induction furnace, using Armco iron as the base and 
adding manganese in the form of the pure metal. The ingots were 
analysed for manganese, silicon and carbon, with the following 
results : 


Alloy No. Mn. %. Si. %. Oo. %. 
M1 : : ‘ : Trace 0-069 0-027 
M2 ; : fe 0-047 0-055 0-017 
M3 ; ‘ ; ‘ 0-225 0-078 0-006 
M4 : ; : : 0-569 0-075 0-013 
M5 , . ; ‘ 1-011 0-068 0-013 


The ingots were then forged down into bars of 1 in. x }-in. 
cross-section. A heating and a cooling curve was taken on each of 
the alloys, in order to determine the best normalising temperature. 
A 6-in. length was carburised for 4 hr. at 900° C. in a commercial 
carburising compound known as “ Hardenite.” The carburised 
bars were then normalised from two successive temperatures. 
The first normalising treatment consisted of soaking for 4 hr. at a 
temperature 50° C. above the Ac; point, as determined by the heating 
curve, followed by cooling in air. This was done in order to diffuse 
the carbon of the case and to refine the grain size of the core. The 
second normalising consisted of soaking the bars for 15 min. at 
830° C. and cooling in air, in order to refine the carburised case. 
The heat treatment was carried out in the controlled atmosphere 
of a “ Birlec ” electric furnace. 

One-inch lengths were then cut from each of the bars. One 
face of each of these pieces was machined in order to expose a 
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surface cutting at a gradient of 1:4 through the carburised case 
to the centre of the bar, as shown in the diagram, Fig. 2. 

In order to facilitate the handling of the specimens for hardness 
determinations, the bottom surface was machined off parallel to the 
first surface prepared. The top surface was then ground flat on a 
surface grinder in order to remove the machine marks, and was 
rubbed down to No. 0 emery paper. The specimen was then 
ready for the ageing tests. 

The specimen was heated to the temperature required (700° C.) 
for } hr. (m vacuo in an electrically heated tube furnace), the tempera- 
ture being measured by means of a platinum/platinum-rhodium 
thermocouple placed in contact with the specimen. The quenching 
was done by tilting the furnace in order to allow the specimen to 
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Fia. 2.—Method of Sectioning for Hardness Tests. 


slide into the quenching bath, and simultaneously pulling the 
bung from the end of the evacuated tube. In this way the prepared 
surface was subjected to atmospheric oxidation for only two or three 
seconds and was found to be covered with only a very thin oxide 
film. After quenching, the prepared surface was rubbed on No.1 F 
emery to remove the oxide film, then on finer emery papers, and was 
finally polished with a diamantine powder and etched in a 2% 
alcoholic solution of nitric acid. The preparation of the surface, 
after quenching, took about 20 min. The specimen was then 
ready for testing, and the first hardness impressions were made 
within 30 min. of the quenching. 

The specimen was placed on a travelling stage on the hardness 
testing machine, and impressions were made along the surface 
from point A (Fig. 2) in the carburised case 0-01 in. from the edge 
of the specimen, to point B near the centre of the original bar. 

The specimens were aged in a thermostatically controlled 
water-bath at 25-5° C., the temperature being kept constant to 
within a few hundredths of a degree centigrade. One series of 
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impressions was made along the specimen as soon as possible after 
quenching, as stated above. Other tests were made at suitable 
time intervals. After ageing for about 24 hr. a second row of 
impressions was made, parallel to the first and within 0-03 in. of it. 
The results of the tests carried out on these specimens showed that 
the alloys before carburising were far from pure, the core of some of 
the specimens revealing a comparatively high degree of ageing. 
Micro-examination of alloy M1 in the slowly-cooled condition 
showed numerous areas of what appeared to be carbide, as well as 
many non-metallic inclusions. In order to reduce the ageing 
of the core and eliminate the effects of impurities, such as oxygen 
and nitrogen, it was decided to carry out a second series of tests on 
purified material. In order to purify these alloys, they were heated 
in a current of hydrogen for 6 days at a temperature of 900—950° C. 
and allowed to cool slowly. The hydrogen was purified by passing 
first through two bubblers of alkaline pyrogallol to remove oxygen, 
and then through a bubbler of concentrated sulphuric acid and 
finally a U-tube of calcium chloride in order to remove any moisture. 
Micro-examination of alloy M1 after this treatment showed that 
all the carbide had disappeared, but that the number of non-metallic 
inclusions seemed to be much the same as before. The specimens 
of the alloys that were decarburised were } in. thick x 4 in. x 1 in. 
In order to carburise these purified specimens without introducing 
any oxygen, a current of acetylene gas was used as the carburising 
medium. A trial run showed that acetylene was capable of produc- 
ing a suitable case if the specimens were heated in a good flow of the 
gas for 15 min. at 870° C. One specimen of each of the iron- 
manganese alloys purified in hydrogen was ground flat on one side, 
using a surface grinder. These specimens were then placed in a 
tubular electrically heated furnace, and a current of acetylene gas 
was passed over them. The acetylene used was the commercial 
variety such as is used for welding. It was first bubbled through a 
bleaching powder solution to remove any traces of phosphine and 
was then dried by passing through a lime tower. 

Fig. 35 is a photomicrograph of cross-sections of the cases formed 
in M1 and M5; the two specimens were clamped together to aid in 
polishing. On the left is the case of M1 and on the right that of 
M5. They both have a case about 0-25 mm. deep. The pearlite 
in the low-manganese alloy, M1, is much coarser than that in the 
high-manganese alloy M5. 

In order to smooth out the carbon gradient and deepen the 
case, these specimens were annealed in vacuo for 15 min. at 1000° C. 
They were then reheated to 850° C. for 5 min. in order to refine the 
grain of the case, and were then allowed to cool fairly rapidly by 
taking the evacuated tube out of the furnace and allowing it to 
cool in the air. 

These specimens were then cut through the case at a gradient, 
as with the previous specimens. Owing to the smaller size of the 
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pieces, a gradient of 1 : 10 instead of 1 : 4 was used, and the speci- 
mens were ground to this gradient on the surface grinder. They 
were then quenched, polished, etched and tested as described above, 
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except that a 5-kg. load was used on the hardness testing machine and 
the impressions were made at intervals along the surface of 0-02 in. 
The results for M2 and M5 are shown in graphs Figs. 3 and 4. In 
these graphs the hardness number is plotted against the position 
of the hardness impression on the surface of the specimen. Each 
curve represents a series of impressions made after a different ageing 
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time. In order to avoid confusion, the complete series of impressions 
made are not all recorded on the graph. Reading from left to right 
infers not only passing from the outside to the centre of the specimen, 
but from a high to a low carbon content. The main defect of this 
scheme is that the only method of estimating the carbon content is 
from the microstructure. From the micro-examination it was pos- 
sible to estimate the carbon content when more than 0-03% of 
carbon was present, but the microstructure can give no indication 
of the carbon content in an alloy with less than 0-03% of carbon, 
since no carbide is visible in these alloys in the quenched condition. 
The specimen may be divided into two zones, (1) where there 
is visible carbide present as pearlite, and (2) where there is no 
visible carbide. The graphs are also divided in this way, and it is 
evident from these that the maximum ageing occurs at or near this 
point of division where the last visible traces of pearlite are present 
in the microstructures. This position obviously contains the same 
amount of carbon as that represented by the point B in diagram 
Fig. 1, which in the pure iron-carbon alloys is usually given as 
0-035% of carbon. 

It is not only the increment of hardness during ageing which 
attains a maximum at the point where the last visible traces of 
pearlite disappear from the microstructure, but also the curve of 
the final hardness attained after ageing shows a maximum at this 
point. This means that the hardness after ageing is less, for instance, 
for an alloy containing 0-2% of carbon than for one containing 0-05% 
(see graph Fig. 3). 

A comparison of the graphs for alloys M2 and M5 shows that 
the general effect of increasing manganese content is to decrease 
the ageing; 1-01% of manganese reduces the maximum hardness 
increment on ageing from 86 to 35 points Brinell. This is in agree- 
ment with the generally accepted theory that manganese carbide 
is less soluble in «-iron than is iron carbide. 

The results of the tests on the iron-manganese-carbon series 
are summarised in Table IV. both for the purified and for the un- 
purified alloys. The Table shows that in both cases the addition of 


TaBLE IV.—Brinell Hardness. Iron-Manganese-Carbon Series. 





| | Unpuritied Alloys, W.Q. 700° CO. | Purified Alloys, W.Q. 700° CO. 


Alloy No. a a Hardness at | 


— 


Hardness at 











re Max. Hardness | 5, Max. Hardness : 

| Increment. | Ageing. cia | Increment. a 
86 | 207 | 69 192 
84 | 208 | 76 198 
eae ae ee 197 
59 193 66 190 
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manganese in amounts of 0-5 to 1% greatly lowered the ageing 
capacity of the iron-carbon alloys. The final hardness attained, 
except in the case of the 1% manganese alloy, varied only from 
191 to 208 Brinell. 


The Age-Hardening of Iron-Silicon-Carbon Alloys. 

A series of iron-silicon-carbon alloys was made in the high- 
frequency furnace and forged down to bars of 1 in. x }-in. cross- 
section. The analyses of the alloys were as follows : 


Alloy No. Si. %. Mn. %. 
ST1 ; r ; . 0-025 0-054 
S12 : ; ‘ ‘ 0-092 0-065 
SI3 : . 5 : 0-181 0-062 
ot ae ; ‘ . 0-227 0-065 
SI5 ‘ s é > 0-329 0-092 
SI6 ; E ; ‘ 0-876 0-098 


The alloys were made as before with Armco iron as the base, the 
silicon being added in the form of silicon metal. 

It was decided to anneal these alloys in a current of hydrogen 
in order to reduce their carbon and oxygen contents, and to carburise 
them in a current of acetylene—a treatment which was found 
satisfactory for the iron-manganese series and which has already 
been described in detail. Specimens } in. thick x } in. x 1 in. 
were used. The time of carburisation was increased to 30 min., 
and the temperature to 950° C. in order to produce a somewhat 
deeper case and one of somewhat higher carbon content at the 
surface. After carburising, the specimens were annealed for 15 min. 
at 1000° C., followed by a double heat treatment, first at 900° C. 
and then at 830° C., in order to refine the core and the case. This 
heat treatment was done in vacuo, and the last cooling was effected 
by pulling the evacuated tube from the furnace and allowing it to 
cool in the air. 

Two series of these iron-silicon-carbon alloys were quenched, 
one from 700° C. and one from 720° C. The results of both these 
series of ageing tests are summarised in Table V., and the curves 


TABLE V.—Brinell Hardness. Iron-Silicon-Carbon Series. 


























| 
| | Purified Alloys, W.Q. 700°C. | Purified Alloys, W.Q. 720° C. 
Alloy No, Silicon. H . | | 
%- Max. Hardness} _! ardness at | yra5 Hardness | Hardness at 
| taceeiaanh, | —.. Sauememh. "| “ae 
S11 0-025 68 193 815 | 201 
SI2 0-092 72 192 79 204 
SI3 0-181 73 196 72 198 
SI4 0-227 ce ie 199 70 208 
SI5 0-329 75 207 74 204 
SI6 0-876 70 210 66 224 
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showing the changes in hardness of the alloys SJ1 and SJ5, quenched 
from 720° C., are shown in graphs Figs. 5 and 6. These show 
many of the features seen in the iron-manganese-carbon series. 
A point of maximum hardness and of maximum hardness-increment 
after ageing occurred as before at or near the point on the specimen 
at which the last traces of pearlite were seen. 

Table V. shows that the higher quenching temperature (which 
was still below the Ac, point) raised the final hardness of the alloys, 
but, except in SJ1 and SJ2, did not raise the hardness increment, 
because the hardness immediately after quenching was higher. 
Over both series, the final hardness attained varied from 192 to 
224 Brinell. 

The effect of increasing the silicon content up to 0-9% was to 
decrease very slightly the hardness increment on ageing while 
raising the final hardness attained by 10 to 20 points Brinell. 


The Age-Hardening of Iron-Aluminium-Carbon Alloys. 


Three iron-aluminium-carbon alloys were made, the aluminium 
contents of which are given in Table VI. The alloys were made in 
the high-frequency furnace, using Armco iron as a base and adding 
aluminium in the form of the metal. After forging the ingots down 
to bars of 4in. x 1 in. cross-section, specimens were cut off and were 
purified by annealing for 6 days in hydrogen at a temperature of 
950° C. They were then carburised in acetylene gas and annealed 
tm vacuo as with the iron-silicon-carbon alloys. 


TaBLE VI.—Brinell Hardness. Iron-Aluminium-Carbon 
and Iron-Molybdenum-Carbon Series. 


























| Purified Alloys, W.Q. 700° C. Purified Alloys, W.Q. 720° CO, 
: Alloy Element. | 
Alloy No. % Hardness at Hardness at 
vo Max. Hardnes: : ; Max. Hardness r 
na, “a. Increment. a 
Aluminium. 
ALl 0-042 68 195 64 204 
AL2 0-23 64 211 69 203 
AL3 0-47 83 206 83 216 
Molybdenum. 
MO1 0-19 83 206 79 221 
MO2 0-63 75 214 80 227 
MO3 1-01 59 227 59 228 














Two series of these alloys were quenched, one from 700° C. and 
the other from 720° C. The results are summarised in Table VI., 
while the curves showing the changes in hardness of the alloys 
AL and AL3, quenched from 720° C., are shown in graphs Figs. 
7and 8. The same features were seen in these alloys as in the iron- 
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silicon-carbon alloys. The maximum ageing occurred where the 
carbon content was just sufficient to form pearlite, and the hardness 
increment dropped rapidly when the carbon content was higher or 
lower than this optimum. The rate of ageing was greatest at the 
same carbon content, and at 25-5° C. the maximum hardness was 
attained in about 6 days, independently of the aluminium content. 

From Table VI. it is seen that the increase in quenching tempera- 
ture from 700° to 720° C. made no consistent difference either to the 
hardness increment or to the maximum hardness attained. The 
maximum hardness varied from 195 to 216 Brinell. The effect of 
increasing the aluminium content up to 0-5% was to increase by a 
small amount both the hardness increment and the maximum 
hardness attained. 


The Age-Hardening of Iron-Molybdenum-Carbon Alloys. 


Three iron-molybdenum-carbon alloys were made, the molyb- 
denum contents of which are shown in Table VI. They were made 
in the high-frequency furnace, using Armco iron as the base and 
adding the molybdenum in the form of high-grade ferro-molybdenum. 
After forging the ingots down to bars of } in. x 1 in. cross-section, 
specimens were cut off and were purified by annealing for 6 days 
in hydrogen at a temperature of 950° C. These specimens were then 
carburised in acetylene and annealed in vacuo as with the iron- 
silicon-carbon alloys. 

Two series of these alloys were quenched, one from 700° C. 
and one from 720°C. The results of the hardness tests are summar- 
ised in Table VI., and curves of the hardness tests on alloys MO1 
and M03, after quenching from 720° C., are shown in graphs 
Figs. 9 and 10. In alloys MOl and MO2 the maximum ageing 
again occurred where the carbon content was just sufficient to form 
pearlite. In the case of alloy M03, however, the maximum ageing 
occurred at a somewhat higher carbon content, and there was no 
sharp maximum in the hardness curve for the fully aged alloy 
(graph Fig. 10); also, the amount of age-hardening in alloy M03 
was smaller than in alloys MOl and MO2 The ageing was more 
rapid in the iron-molybdenum-carbon alloys—the maximum hard- 
ness being attained in about 4 days. 

From Table VI. it is seen that the increase in quenching tempera- 
ture from 700° to 720° C. raised the maximum hardness attained 
in alloys MO1 and MO2 but not in M03. The maximum hardness 
varied from 206 to 228 Brinell—somewhat higher than in the other 
series. The effect of increasing the molybdenum content up to 1% 
was to increase the maximum hardness attained but to decrease 
considerably the increment in hardness due to ageing. 


Conclusions. 
The examination of the age-hardening phenomenon in iron- 
carbon alloys after quenching from just below the Ac, point, and of 
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the effect of varying amounts of carbon, manganese, silicon, alu- 
minum and molybdenum upon the ageing process has led to the 
following conclusions : 

(1) The ageing process is most sensitive to small changes in 
carbon content. Both the increment in hardness due to ageing 
and the rate of increase in hardness attain a maximum where the 
carbon content is just sufficient to form pearlite. According to 
the accepted iron-carbon diagram (see Fig. 1) a pure iron-carbon 
alloy presenting this microstructure should contain approximately 
0-035% of carbon. The fact that the maximum ageing occurs 
at this carbon content supports very strongly the theory that the 
ageing of steel after sub-critical quenching is due to the precipitation 
of Fe,C from supersaturated solution in «-iron, or to some atomic 
process preliminary to such a precipitation. 

(2) The maximum hardness attainable by the process of age- 
hardening is about 210 Brinell. The rate of ageing of the alloys 
of optimum carbon content is such that at 25-5° C. the maximum 
hardness is attained in about 6-7 days (somewhat more rapidly 
in alloys containing molybdenum). The rate of ageing is slower 
for lower carbon contents. 

(3) The addition of manganese tends to decrease the amount 
of ageing in iron-carbon alloys. The addition of 1% of manganese 
reduces the amount of age-hardening by approximately 50%. 

(4) The addition of silicon in amounts up to 0-9% has little or 
no effect on the extent of age-hardening in iron-carbon alloys. 

(5) The addition of aluminium in amounts up to 0-5% somewhat 
increases the degree of age-hardening in iron-carbon alloys. This 
is contrary to what has often been stated in the technical literature, 
but it seems probable that it is due, in many cases, to confusion of 
the meanings of the term “ ageing ”’ as applied to steel, since there 
are at least three distinct processes of ‘‘ ageing ” which take place 
in steels. It is probably true that a steel which is well killed with 
aluminium is not subject to that particular form of ageing which 
manifests itself in a recovery of the yield point on resting after cold- 
work, but the experiments described above show conclusively that 
the addition of aluminium up to 0-5% has no restrictive effect on 
the quench-ageing of iron-carbon alloys, as measured by the Brinell 
hardness. 

(6) The addition of molybdenum in amounts up to 1% tends to 
decrease the amount of age-hardening in iron-carbon alloys, but 
not to such a great extent as manganese. 


Tue AGE-HARDENING OF BrnARy [RON-CARBON ALLOYS oF A HIGH 
DEGREE OF PouRITY. 


For this purpose an iron of a high degree of purity was required 
asa base. The use of ingot iron purified by heating in a current of 
hydrogen was rejected because of the oxygen and non-metallic 
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inclusions which this iron contains; these are by no means all re- 
moved by the treatment in hydrogen. The electrolytic iron 
available also contained very large quantities of oxygen, although 
it was low in other impurities. Carbonyl iron, as manufactured by 
I. G. Farbenindustrie A.-G. of Germany, is known to be rather hetero- 
geneous in composition, since it is sintered from powders and is not 
melted in the process of manufacture. It contains small quantities 
of carbon and nitrogen, but is low in oxygen and all other impurities. 
Since carbon and nitrogen are fairly easily removed and the material 
is made more homogeneous by annealing in hydrogen, it was decided 
to use carbonyl iron as the base for the tests described in this section. 
Through the courtesy of I. G. Farbenindustrie A.-G. sufficient 
carbonyl iron was obtained in the form of a bar of } in. x } in. 
cross-section. 

Ageing tests carried out on the iron in the as-received condition 
showed that the composition of the bars varied somewhat as regards 
carbon content. Some of the bars underwent a very considerable 
increase in hardness on ageing after quenching from 700° C. (e.g., 
from 100 to 130 Brinell), whilst specimens from other bars 
showed no increase in hardness at all in the same period. After 
annealing in hydrogen for 4 days at 950° C. the hardness was reduced 
to 70-75 Brinell, and in this condition they aged no more than 10 
points Brinell in 30 days after quenching from 700° C. 

In the carbonyl iron small flaws were occasionally found due 
to its being a sintered product. Only sound pieces were used, 
however. 

Preparation of Specimens.—One-inch lengths of the bar were cut 
off and, after the purification treatment in hydrogen, were carburised 
in a current of acetylene gas for 30 min. at 950° C. (as described 
previously). After carburising, the specimens were annealed in 
vacuo for 15 min. at 1000° C., then for 5 min. at 900° C. and 5 min. 
at 800° C., the specimens being allowed to cool down to well below 
the Ar, point in vacuo between each anneal. It was found that this 
treatment produced a suitable carbon gradient with a refined 
structure. 

The specimens were then sectioned through the case and the 
core at an angle of 1 : 10, using a surface grinder for this operation. 
After rubbing the ground surface down on No. 1F emery, the pre- 
pared specimens were ready for heat treatment prior to ageing. 

Fig. 36 is a photograph of one of these carburised specimens after 
a number of series of hardness impressions had been made. The 
carburised case, sectioned at an angle of 1:10, is on the left in 
the photograph. A section of thin carburised edge is seen running 
around the other three sides of this prepared surface. This did 
not, however, interfere with the results, except that the last two 
sets of hardness impressions at the right-hand side of the photograph 
had to be neglected, as they were made too close to the carburised 
end. The parallel rows of impressions running from left to right 
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were each made after different times of ageing. The age-hardening 
effect is easily seen in this photograph by comparing the size of 
the hardness impressions at the inside edge of the carburised case. 
If the vertical row of impressions labelled A-B is examined, it will 
be seen that the third impression from the top is considerably 
larger than the others, while the top and bottom impressions in this 
vertical row are the smallest. This is because the third impression 
from the top, and all the others in the same horizontal row, were made 
immediately after quenching, and the material in this. condition was 
soft. The top and bottom impressions in this vertical row were 
made after the specimen had been aged for a long time; the specimen 
had age-hardened, so that the impressions are smaller. Thus, 
from an examination of this photograph the general effect of age- 
hardening can be seen qualitatively. It is obvious that the main 
age-hardening occurred near this vertical row A—B, where the carbon 
content was just sufficient to form pearlite. 

The type of carbon gradient obtained is shown in Fig. 37. It 
will be seen that at the outside there was a case of eutectoid com- 
position. The carbon content of the case decreased gradually to an 
apparently carbon-free region containing no pearlite. 


The Effect of Quenching Temperature upon Ageing. 

A series of specimens was quenched from temperatures between 
600° and 950° C. and aged at 25-5° C. 

Fig. 37 illustrates the specimen quenched from 600° C. To the 
right of this photograph are shown the hardness figures for points 
0-02 in. apart along the carbon gradient, the hardness tests being 
made 30 min. after quenching. It is seen that the hardness of the 
eutectoid case in this condition was 200 Brinell, and that this 
decreased to 100 Brinell where the carbon, estimated from the micro- 
structure, was approximately 0-3%. The hardness of the case where 
the carbon was just sufficient to form pearlite was 88 Brinell, while 
the carbon-free core had a hardness of about 80 Brinell. These 
hardness figures are low for alloys of the carbon contents indicated. 
This is no doubt due to the relative purity of the alloy. The 
figures to the left of this photomicrograph show the hardness at the 
same points in the carbon gradient after ageing for 720 hr. A 
maximum increase of 13 points was noted at the low-carbon end of the 
case. The ageing of the whole specimen is shown graphically in 
graph Fig. 11. 

The specimens quenched from 650°, 680° and 700° C. showed a 
degree of age-hardening increasing with the quenching temperature. 
The maximum age-hardening occurred in each case just at the point 
where the carbon was sufficient to form pearlite. The ferrite core 
near the centre of the specimen had a hardness increment of approxi- 
mately 10 points Brinell, while the eutectoid case had undergone 
no age-hardening. 

The pieces quenched from 720° and 730° C. showed a further 
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increase in the hardness at the low-carbon end of the pearlite 
case, while the ageing of the core was very small and there was 
no ageing at all in the eutectoid part of the specimen. 

After quenching from 740° C. the maximum ageing of the whole 
series occurred, the maximum increase in hardness being over 90 
points Brinell and the value reached at this point being 208 Brinell 
(see graph Fig. 12). This specimen was heated just up to the Ac, 
point and was quenched before the pearlite-austenite change was 
completed. The microstructure of the low-carbon end contained 
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both pearlite (highly divorced) and troostite, Fig. 39. Some of the 
pearlite areas were partially transformed to austenite and these 
parts now appeared as troostite. As can be seen from Fig. 38, 
these conditions were maintained over the whole surface of the speci- 
men, though there were somewhat larger percentages of troostite 
in some parts than in others. This proved that the conditions of 
heating used were very good, maintaining the specimens at an even 
temperature throughout. Fig. 38 illustrates the case of this speci- 
men. The hardness figures to the right of the photograph show 
the hardness of the case after ageing for 40 min., those at the left 
the hardness after 728 hr. ageing. This specimen demonstrated 
what would be anticipated from the current theories of age-hardening, 
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that the maximum ageing occurs on quenching from the Ac, point 
in steels. 

The age-hardening of those specimens quenched from 760°, 
800°, 900° and 950° C. showed a general decrease in the amount 
of ageing, and there was no peak in the hardness curve after ageing. 
The troostite (which was the main constituent of the case in the 
specimen quenched from 760° C.) and the martensite were not subject 
to ageing themselves, but when they were present together with 
ferrite, this aggregate was subject to a certain amount of ageing. 
However, the measurement of any ageing in this hardened case 
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was unreliable, since the hardness rose so rapidly as the carbon in- 
creased that any slight misplacement of the hardness impression 
would have made a very large difference to the hardness value 
recorded. Graph Fig. 13 gives the hardness curve for the specimen 
quenched from 950° C. It will be noticed also that after ageing 
the hardness of the ferrite core dropped to a very low value, even 
at a point very close to the visible case, where a hardness increment 
of over 50 points Brinell was recorded after quenching from 740° C. 
This is easily understandable if one refers to the iron-carbon diagram 
(Fig. 1), from which it will be seen that the solubility of carbon in 
a-iron decreases as the temperature rises above the Ac, point. 

In graph Fig. 14 the maximum increments of hardness which 
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occurred upon ageing at 25-5° C. are plotted against the temperatures 
from which the specimens were quenched. It is seen clearly that 
the maximum effect occurred after quenching from 740° C. (the 
Ac, point) and that the amount of age-hardening fell off sharply 
when the specimen was quenched from either higher or lower 
temperatures, 20° C. making a large difference. The maximum 
hardness increment was 91 points Brinell (an 89% increase in hard- 
ness over that of the quenched but un-aged specimen). After 
quenching from 600° C. the maximum hardness increment was only 
13 points. The curve is dotted above 800° C. to indicate the in- 
accuracy involved in measuring the hardness of these specimens. 

Graph Fig. 15 shows the maximum hardness attained after 
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quenching specimens from various temperatures. It will be seen 
that the maximum hardness attained followed the same lines as the 
hardness increment due to ageing. The maximum reached was 
208 Brinell after quenching from 740° C. (the hardness of the mar- 
tensite in the specimens quenched from high temperatures is not 
included on these graphs). After quenching from 600° C. the 
hardness did not rise above 101 Brinell at the point of maximum 
ageing. 


The Effect of the Temperature of Ageing upon the Ageing Process. 


A series of test-pieces such as those used in the previous section 
was quenched, and the various pieces were aged at temperatures 
between 0° and 100° C. The quenching temperature was 730° C. 
The specimen aged at 0° C. was kept at this temperature by placing 
it in a test-tube surrounded with ice in a Dewar flask. For ageing 
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temperatures between 30° and 100° C., three small oil-baths were 
constructed. These are shown in Fig. 41. The apparatus consisted 
of three test-tubes, wound with nichrome wire through which an 
electric current was passed, and filled with the mineral oil. It was 
designed to run from a 6-V. circuit, the temperature of each bath 
being regulated by a separate rheostat. The volume of the oil- 
bath was comparatively small, but a drop in temperature of only 
2° C. was caused by immersing a cold specimen in the bath at 70° C. 
The temperature of the bath was, of course, subject to the fluctuations 
of the atmospheric temperature, but by making suitable adjust- 
ments of the rheostat for cold and hot weather, the temperature 
did not vary by more than + 2° C. over a long period of time. It 
was decided to carry out tests at temperatures of 50°, 70° and 100° C. 
The following tabulation summarises the results, showing the maxi- 
mum hardness increments attained on ageing at the different 
temperatures, and also the times required to attain the maximum 
hardness at the various temperatures : 


Ageing Temp. Maximum Hardness Time required to 
*¢, Increment (Brinell). reach Maximum. 
0 Over 72 Over 1000 hr. 
25 78 350 hr. 
50 47 50-60 hr. 
72 29 7-8 hr. 
100 22 40-45 min. 


The maximum hardness increment dropped rapidly as the tem- 
perature of ageing rose above 25° C., while the rate of ageing increased 
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very rapidly. Ifthe log, of the time required to reach the maximum 
hardness is plotted against the reciprocal of the ageing temperature, 
the points fall approximately on a straight line, as seen in graph 
Fig. 16. Since a limited number of series of impressions could be 
made on one test-piece, the time at which the maximum hardness 
was reached could not be estimated with accuracy. For this reason 
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there are two points on the graph for each temperature of ageing, 
indicating the range of time over which the maximum was attained. 
This graph shows that the log of the time required to attain the 
maximum hardness is inversely proportional to the temperature 
of ageing. This means that the log of the rate of ageing is directly 
proportional to the temperature. 

With temperatures of ageing of 50°, 72° and 100° C. over- 
ageing occurred. In 395 hr. at 50° C. the hardness at the point 
of maximum ageing was reduced from 160 to 137 Brinell. The over- 
ageing became more rapid as the temperature wasraised. At 100° C. 
the hardness at the point of maximum ageing was reduced in 30 hr. 
from 151 to 137 Brinell and in 390 hr. to 127 Brinell. Microscopic 
examination of the material after ageing for 390 hr. at 100° C. 
revealed a very fine but definite precipitation within the ferrite 
grains, as is shown in Fig. 40. 


The Effect of the Rate of Cooling from the Heat-Treatment Temperature 
upon the Ageing Process. 


Of more importance for practical purposes is the rate of cooling 
necessary to retain the carbide in solution so that ageing may take 
place. Specimens were quenched in water and in oil from 730° C. 
A third specimen was cooled at a rate comparable with air-cooling 
or “ normalising ’”’ by sliding the specimen to the cool end of the 
furnace tube and allowing it to cool there to room temperature 
while keeping the tube evacuated. A thermocouple inserted at the 
cool end of the furnace tube gave an indication of the rate of cooling 
of the specimen. In 20 sec. the specimen had cooled to 420°, in 
2 min. to 300°, and in 5 min. to 150° C. 

In graph Fig. 17 are shown the results obtained by quenching 
the specimen in oil. Considerable hardening occurred after oil- 
quenching, but less rapidly than with water-quenching, and the 
final hardness attained was not so high. The air-cooled specimen 
showed no age-hardening. 


Discussion and Conclusions. 


The experiments on the age-hardening of a series of iron-carbon 
alloys of a fairly high degree of purity have led to the following 
conclusions : 

(1) Alloys of iron and carbon, within a certain range of compo- 
sition, increase in hardness at room temperature after being quenched 
in water or oil from certain temperatures near the critical range. 

(2) This phenomenon is particularly sensitive to small changes 
in the carbon content and in the temperature. The maximum 
age-hardening occurs in alloys of a composition represented by the 
point B in diagram Fig. 1, which is usually given as 0-035% of 
carbon. The degree of age-hardening falls off rapidly with the 
presence of either more or less carbon. Alloys of eutectoid compo- 
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sition (0-9% of carbon) are not subject to age-hardening. . This is 
apparently due to the texture of the pearlite, which consists of fine 
laminz of cementite and ferrite, which allow all, or nearly all, of the 
carbon dissolved in the ferrite on heating to be deposited upon the 
cementite lamine either during quenching or during ageing. Thus 
the alloys of carbon content higher than 0-035% which contain 
pearlite contain areas that do not age-harden. Thus the hardness 
increment on ageing decreases with carbon contents over 0-035%. 
This explanation is not entirely satisfactory for the following 
reason. Pearlite has a hardness of approximately 200 Brinell. 
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A fully aged, supersaturated solution of carbon in «-iron has a hard- 
ness of just over 200 Brinell. One would therefore expect that an 
alloy consisting of x parts of pearlite and y parts of free ferrite 
in the fully aged condition would also have a hardness of approxi- 
mately 200 Brinell. Actually the hardness of such an alloy is often 
as low as 150 Brinell. It may be that the carbide from the super- 
saturated solid solution in the ferrite precipitates preferentially 
on the cementite lamine (during quenching or during ageing) 
from greater distances than are represented by the distance apart 
of lamine of cementite in pearlite, thus depriving part of the free 
ferrite as well as all of the pearlite of its ability to age-harden. That 
there is a tendency for carbide in solution in «-iron to precipitate 
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on cementite rather than on the nuclei within the ferrite lattice is 
shown by microscopic examination of the visible precipitation of 
carbon that takes place at higher temperatures. 

(3) The quenching temperature which brings about maximum 
age-hardening is that of the Ac, point—740° C. The degree of 
age-hardening diminishes rapidly on quenching from either higher 
or lower temperatures, being almost nil at 600° C. 

(4) The time required to attain maximum hardness varies 
with the temperature of ageing according to the formula : 


t = Cent, 


where ¢ = time, 
T = temperature, and 
C and m are constants. 


The alloy of optimum carbon content is fully aged, after quenching 
from 730° C., in approximately 350 hr. at 25° C. and approximately 
2 hr. at 100° C. 

(5) Prolonged ageing at temperatures of 50°, 72° and 100° C. 
is accompanied by a softening after the maximum hardness is 
reached. No visible change in microstructure took place on ageing 
at 25° C., but after ageing for 390 hr. at 100° C. a fine precipitation 
of cementite particles could be seen in the ferrite grains. 

(6) The maximum ageing in specimens of }-in. thickness was 
attained only after quenching in water. Oil-quenching was followed 
by a smaller degree of ageing, while a rate of cooling commensurate 
with ‘“ normalising ” was followed by no age-hardening at all. 


Tor AGE-HARDENING OF BrnaRy ALLOYS OF IRON AND NITROGEN. 


The method used for investigating the age-hardening of iron- 
carbon alloys is equally suitable for the examination of iron-nitrogen 
alloys, since nitrogen can be easily introduced into the surface 
layers of iron by heating in a current of ammonia gas. 

A preliminary nitriding of a small piece of carbonyl iron showed 
that it was possible to produce a nitride case the structure of which 
varied from solid nitride or braunite at the surface, through a 
zone of nitride needles, to a core containing no visible nitride. 
Diagram Fig. 18 shows the relevant parts of the iron-nitrogen 
thermal equilibrium diagram according to Fry.‘ 

Specimens of carbonyl iron, of dimensions 1 in. x } in. x } in., 
previously purified by annealing in a current of hydrogen for 4 days 
at 950° C., were heated in a current of ammonia gas for 3 hr. at 
800° C. and slowly cooled; they were then ground at a gradient of 
1:10 through the nitrided case, and polished and etched in 2% 
alcoholic nitric acid solution. Fig. 42 represents the nitrided case 
thus produced. This photograph shows the nitrogen gradient 
divided into zones which are lettered. Zone A, at the surface of 
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the specimen, is a more or less homogeneous layer which remains 
white after etching; it is probably a layer of nitride (Fe,N). Zone 
B is a very dark-etching zone, which was seen at high magnification 
to be of eutectoid structure, containing some free nitride near zone A 
and some free ferrite near zone C. Zone C is a wide zone of braunite 
and ferrite. Fig. 43 illustrates the structure of zone C near the 
low-nitrogen end. It shows the braunite to be laminated in structure 
like pearlite, but the lamellz are much finer than those of pearlite 
in an iron-carbon alloy cooled at the same rate. This is no doubt 
partly due to the fact that the eutectoid transformation takes place 
at about 100° C. lower in the iron-nitrogen system than in the iron- 


x 


+ 700 ~ * 
S Py us 
9 
iS 0:5%N 
ns 
,e] 
3 
Q a+ FegN 
E 300 
2 
100 





O 02 O04 O08 10 1-2 14 16 1820 
Nitrogen. %. 


Fia. 18.—Iron-Nitrogen Diagram according to Fry and Epstein, 


carbon system. The braunite is surrounded by a thick layer of 
nitride deposited on it during the cooling from below the Ar, point. 
This is evidence of the high solubility of nitrogen in «-iron at the 
eutectoid temperature and its decreasing solubility at lower temper- 
atures. In Fig. 43 it can also be seen that there is a precipitation of 
fine particles within the free ferrite, a precipitation which evidently 
took place at too low a temperature for the nitrogen to migrate to the 
already precipitated nitride. 

Zone D in Fig. 42 is a narrow one in which there are apparently 
very few nitride needles. When examined under a higher magnifi- 
cation, however, it is seen that this zone is not without needles; 
Fig. 44 shows the fine needles precipitated in it. The rest of the 
nitrided case is classified as one zone. Zone H consists of ferrite 
grains containing nitride needles, which become smaller as the core 
of the specimen is approached ; there are, however, no further sharp 
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dividing lines between one zone and another. Fig. 45 is a photo- 
micrograph taken at the high-nitrogen end of zone H. It shows two 
sets of nitride needles, a large and a small set, whilst in between the 
smaller set of needles is seen a third and even smaller set of precipi- 
tated particles, though it is impossible to determine the shape of this 
third set. These fine particles are also seen in the background in 
Fig. 44. The cause of these several sets of needles, or precipitated 
particles, is the same as that of the fine precipitated particles in 
Fig. 43. The large needles precipitate first, when the rate of 
decrease in solubility is large and the rate of diffusion is high enough 
for the nitrogen to move through the comparatively large distances 
between these needles. When the specimen was cooled somewhat, 
and the rate of diffusion had been reduced so that this was no longer 
possible, new and more numerous nuclei were formed, and about 
these the second set of needles grew. It is of interest to note that 
whilst the large needles lie in several directions in any crystal, the 
second set of needles takes up different directions in these same 
grains. The third set of precipitation occurs no doubt at a lower 
temperature, at which the rate of diffusion is even lower. 

As seen in Fig. 42, the nitride needles gradually decrease in size 
as the nitrogen content of the case decreases. Some needles are 
still visible at the end of the photograph, and also there is some 
nitride at the grain boundaries. The centre of the specimen 
contained no needles visible at a magnification of 50, but at a magni- 
fication of 1000 a fine precipitation was visible even at the centre, 
showing that the nitrogen never reached zero quantity. 

Some time has been spent in describing the precipitation effects 
of nitrogen in slowly-cooled iron-nitrogen alloys, as much attention 
has not been paid to this subject in the technical literature, and it is 
important from the point of view of the ageing of iron-nitrogen 
alloys, since the essential process in that phenomenon is the precipi- 
tation of nitride from supersaturated solid solution in iron. 


The Effect of the Quenching Temperature upon Ageing. 


A series of specimens was quenched from temperatures between 
350° and 700° C. and aged at 25-5° C. Fig. 47 is a photograph 
of one of the specimens after quenching and ageing. The braunite 
case which was sectioned is on the left, with decreasing nitrogen 
contents towards the right. The several rows of hardness im- 
pressions, each made after a different time of ageing, can be seen. 
The third horizontal row of hardness impressions from the bottom was 
the first to be made after quenching, the impressions in this row 
being obviously larger than those in the other rows at the high- 
nitrogen end of the specimen. 

After quenching from 350° C. (see graph Fig. 19) the braunite 
case was quite soft (126-154 Brinell) and there was little or no 
ageing in the braunite or high-nitrogen end of the ferrite case. 
Towards the centre of the specimen more ageing occurred, the maxi- 
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mum hardness increment being 40 points Brinell. An examination 
of the microstructure of this specimen at high magnification showed 
that, in the high-nitrogen zone, the two small sets of needles had 
gone into solution in the «-iron, and only the largest set remained. 
Towards the centre of the specimen only a few particles of nitride 
could be seen under the microscope and these were mostly at the 
grain boundaries. 

After quenching from 400° C. the same ageing features occurred, 
except that there was a higher degree of ageing throughout. The 
microstructure showed that the two smaller sets of nitride needles 
had disappeared in the high-nitrogen zone, and that the large set 
of needles was not as sharp as before. No nitride was visible at the 
centre of the specimen. 
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Decreasing Nitrogen. ————— 


Fie, 19.—2D (Nitrided Carbonyl Iron). W.Q. from 350°, Aged at 25-5° C. 


After quenching from 450° C. the amount of age-hardening 
increased. The braunite-ferrite zone increased in hardness by 
about 50 points Brinell. The microstructure contained only the 
large needles in the high-nitrogen zone, and no nitride at all towards 
the centre of the specimen. The nitride needles were somewhat 
broken up and irregular, owing to partial solution. The maximum 
hardness increment (64 points Brinell) occurred where the last traces 
of nitride needles were seen in the microstructure. 

After quenching from 500° C. the maximum hardness increment 
increased to over 100 points Brinell (see graph Fig. 20) and the 
maximum occurred, as in the previous specimen, near the point 
where the last traces of nitride needles were visible in the micro- 
structure. Fig. 46 shows the structure of this specimen after quench- 
ing from 500° C. The nitride needles that remain are broken up 
and partially taken into solution in the «-iron. The figures to the 
right of the photograph show the hardness at points along the surface 
of the specimen after ageing for 40 min., those to the left the hardness 
at the same points after ageing for 82 hr. The maximum hardness 
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reached was over 250 Brinell, while the braunite-ferrite case age- 
hardened by more than 90 points Brinell. 

After quenching from 540° C. the microstructure contained only 
a few traces of nitride needles. The hardness of the dark-etching 
braunite rose to over 300 Brinell, while the braunite-ferrite zone 
and the high-nitrogen zone in the ferrite aged to over 260 Brinell. 
A large part of the ageing in the high-nitrogen regions took place 
in 4 hr. 

After quenching from 580° C. (see graph Fig. 21) and 600° C. 
the same features were observed. The braunite case had a hardness 
after ageing of over 300 Brinell. The hardness increment due to 
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Decreasing Nitrogen. 


Fia. 20.—2H (Nitrided Carbonyl Iron). W.Q. from 500°, Aged at 25-5° C, 





ageing remained about 100-120 points Brinell, and the maximum 
hardness attained in the ferrite regions was approximately 260-270 
Brinell. Fig. 49 shows that in the specimen quenched from 600° C. 
the last traces of nitride needles had disappeared. Fig. 48 illustrates 
the structure of the braunite-ferrite case after this treatment. When 
this structure is compared with that of the annealed braunite (see 
Fig. 43) the eutectoid appears to have been divorced to some extent, 
as pearlite is divorced by a similar treatment. 

After quenching from 620° C. it was evident that the nitrogen 
Ac, point had been exceeded. The zone which had formerly con- 
tained braunite now etched a very light colour, only slightly 
darker than the ferrite, and under high magnification appeared to 
contain needles similar in character to the martensitic needles in 
quenched carbon steels. This constituent has been called by 
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Fia. 21.—1@Q (Nitrided Carbonyl Iron). W.Q. from 580°, Aged at 25-5° C. 
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Fia. 22.—1R (Nitrided Carbonyl Iron). W.Q. from 620°, Aged at 25-5° C. 
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some observers “ nitro-martensite.” This nitro-martensite in- 
creased in hardness on ageing by more than 60 points Brinell. 
Apart from this, ageing followed the same lines as in the specimen 
quenched from 600° C. (see graph Fig. 22). 

On quenching from 650° and 700° C. (see graph Fig. 23) the 
nitro-martensite was actually softer immediately after quenching 
than was the braunite after quenching from 600° C., but the nitro- 
martensite aged very rapidly, attaining a hardness of just over 
300 Brinell where it was low in nitrogen, and 450-500 Brinell where 
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Decreasing Nitrogen _ 


Fig, 23.—1@ (Nitrided Carbonyl Iron). W.Q. from 700°, Aged at 25-5° C, 


it was high in nitrogen. The ageing of the ferrite was very similar 
to that after quenching from 600° C. Fig. 50 shows the structure 
of the nitro-martensite case after quenching from 700° C., and Fig. 
51 the structure of this constituent at a higher magnification. Its 
martensitic structure can readily be seen. In Fig. 52 is depicted 
an area in the same specimen, lower in nitrogen and containing both 
nitto-martensite and ferrite. The nitro-martensite is surrounded 
by a black line, which may possibly indicate the presence of a 
constituent bearing some relation to troostite in carbon steels. 

In graph Fig. 14 the maximum hardness increment on ageing is 
plotted against the temperature from which the specimen was 
quenched prior toageing. Itisseen that the hardness increment was 
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considerable even after quenching from 350°C. The hardness incre- 
ment rose sharply as the quenching temperature was raised to 580° C., 
at which it was 120 points Brinell. The hardness increment 
remained nearly constant when the temperature of quenching was 
raised from 580° to 700° C. 

In graph Fig. 15 the maximum hardness attained on ageing 
iron-nitrogen alloys is plotted against the temperature of quenching. 
This curve likewise shows a maximum at a quenching temperature of 
580° C., at which the hardness was approximately 270 Brinell. 
There was little further change with quenching temperatures up to 
700° C. 

In these two graphs the ageing of iron-nitrogen alloys is compared 
with that ofiron-carbon alloys. Itisseen that: (1) Ageing occurred 
through a much wider range of quenching temperatures in the iron- 
nitrogen alloys. (2) The maximum hardness attained was 60-70 
points Brinell higher in the iron-nitrogen alloys. (3) The maximum 
hardness increment due to ageing was some 20-30 points Brinell 
higher in the iron-nitrogen alloys. 


The Effect of the Rate of Cooling from the Heat-Treatment Temperature 
upon the Ageing Process. 


The rate of cooling required to produced supersaturation in the 
iron-nitrogen alloys, and thus to produce ageing, was investigated 
briefly. ‘The specimens were heated for 10 min. to 600° C. and cooled 
at various rates from that temperature. The results are recorded 
in graph Fig. 24. 

The ageing after water-quenching is described above. After 
quenching in oil, there was much less ageing than in the water- 
quenched specimens. The highest hardness attained by oil- 
quenching and ageing was 210 Brinell (graph Fig. 25). This hard- 
ness maximum did not occur at the point of highest nitrogen content 
in the ferrite zone, but at a lower nitrogen content. This is explained 
by examining the microstructure. In Fig. 53 it is seen that the 
precipitation of nitride from solution in the «-iron was not entirely 
inhibited. As the nitrogen content of the ferrite zone decreased, 
the amount of the precipitated nitride decreased, and the maximum 
ageing occurred at that part of the specimen where the last visible 
precipitation was seen. 

After a rate of cooling comparable with normalising (cooled 
to 300° C. in 35 sec.; to 240° C. in 2 min.; to 150° C. in 5 min.; 
the heating was carried out in vacuo as described for the iron-carbon 
alloys) no appreciable ageing occurred. After furnace-cooling in 
vacuo, no ageing at all occurred, and the hardness was about 10 
points Brinell lower than in the normalised condition. Fig. 54 
shows the structure of the nitrided case after ‘“ normalising.” 
There was a fine precipitation of nitride needles in the ferrite 
throughout the ferrite zone; a few larger needles were seen at the 
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Fie. 25.—1B (Nitrided Carbonyl Iron). O.Q. from 600°, Aged at 25-5° C. 
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grain boundaries. It seems that all, or nearly all, of the nitride 
was precipitated at this rate of cooling. 

Thus, if the nitride is to be kept entirely in supersaturated 
solution and the maximum ageing attained, it is necessary to water- 
quench iron-nitrogen alloys if the dimensions of the piece to be 
quenched are comparable with those used in this work, 7.e., } in. in 
thickness. This does not necessarily apply to alloys containing 
less than a certain amount of nitrogen, for, as was seen after oil- 
quenching, alloys of certain compositions (containing well below 
0-5% of nitrogen) age-harden nearly as much when oil-quenched 
as when water-quenched. Small amounts of impurities may make 
a large difference to the rate of cooling required; most commercial 
steel containing large amounts of nitrogen, also contains a large 
amount of other alloying elements, e.g., oxygen in welds. 


The Effect of the Temperature of Ageing upon the Ageing Process. 


A series of specimens was quenched from 600° C. and aged 
at temperatures between 0° and 100° C., as with the iron-carbon 
alloys. The following tabulation summarises the results; it shows 
the maximum hardness increment at each ageing temperature and 
the time required to reach the maximum : 


Ageing Temp. Maximum Hardness Time required to 
*0. Increment (Brinell). reach Maximum. 
0 105 150 hr. 
25 110 10 hr. 
48 110 1 hr. 
72 107 10-15 min. 
100 85 Under 5 min. 


The rate of ageing increases rapidly with the temperature. 
In graph Fig. 16 the logarithm of the time required to attain 
maximum hardness is plotted against the reciprocal of the tem- 
perature. It is seen that the first three points lie on a straight line, 
but that at the higher temperatures of 70° and 100° C. the points 
lie farther from this line. The ageing times at these higher tem- 
peratures were so small that the error in measuring the time of 
ageing was great. The time of ageing was taken as the total time 
of immersion of the specimen in the oil-bath. The specimens must 
have taken an appreciable time to heat up to the temperature of 
the bath, and where the time intervals were of the order of 5 min. 
this may have been a cause of considerable error. 

If the above tabulation is compared with that for the iron- 
carbon alloys it is seen that the ageing is much more rapid in the 
iron-nitrogen alloys, taking place in these at 25° C. as rapidly as 
it did in the iron-carbon alloys at 70° C. 

There was very little change in the hardness increment due to 
ageing at the higher temperatures, until the ageing was conducted 
at 100° C., when a drop of about 25 points in the maximum hardness 
increment occurred. With iron-carbon alloys the hardness incre- 
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(Micrographs reduced to two-thirds linear in reproduction.) 
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PLATE XX. 
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Vickers Hardness Impressions on Carburised Specimen made after various 
times of ageing. x 6}. 
(Micrographs reduced to two-thirds linear in reproduction.) 
[Andrew and Trent. 
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Fic. 57.—Carburised Carbonyl Iron, quenched from 600° C. and aged. x 50. (Reduced to half-size 
linear in reproduction.) 
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Fic. 38.—Carburised Iron, quenched from 740° C., and aged. x 50. (Reduced to half size 
linear in reproduction.) 
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Fic. 39.—Low-Carbon End of Specimen shown in Fic. 40.—Specimen Aged for 390 hr. at 
‘ig. 38, 500. LOO? Cc, x 1000 





Fic. 41.—Tempering Baths. 


(Micrographs reduced to two-thirds linear in reproduction.) 
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Fic. 42.—Nitrided Carbony] Iron. 50. (Reduced to half-size linear in reproduction.) 





Puate XXIV. 


&. 


Zone 


LAndrew and Trent. 





PuateE XXV. 





Fic. 43.—Zone C in Fig. 42 1900. 
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F1G. 44.—Zone D in Fig. 42. x 1000. 234. \s52 
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Fic. 45.—Zone E in Fig. 42. x 1000. 


(Figs. 43-45 reduced to two-thirds, Fig. 46 to half-size linear in reproduction.) 
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Fic. 47.—Vickers Hardness Impressions in Nitrided Carbony] Iron made after quenching 
and ageing. x 5}. 


Fic. 48.-Braunite-Ferrite Structure after 
quenching from 600°C. x 1000. 


Nitrided Carbony] Iron, quenched from 
600° C. x 50, 





Fic, 50.—Nitro-Martensite Case, quenched from Fic. 51.—Nitro-Martensite, quenched from 
700° C. 50. 700° C. 
(Micrographs reduced to two-thirds linear in reproduction.) 
[Andrew and Trent. 
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PLATE XXVII. 








‘ 


Fic. 52.—Nitro-Martensite and Ferrite. 
1000. 





Fic. 53.—Nitride Precipitated from Solu- 
tion. x 1000, 
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Fic. 54.—Nitrided 





Fic. 55.—Quenched Nitrided Iron, aged Fic. 56.—Quenched Nitrided Tron, aged at 150° C. 
at 100°C. x 1000 x 2000. 
(Micrographs reduced to two-thirds linear in reproduction.) 
[Andrew and Trent. 













PuateE XXVIII. 
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Fic. 57.—Precipitation of Nitride Needles. Fic. 58.—Reheated at 250°C. x 1000. 
1000. 
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Fic. 59.—Reheated at 300°C. x 1000, ‘i %, <a 


Fic. 60.—Vickers Hardness Impression in 
Iron-Carbon Alloy after ageing for 
20 hr. 500. 
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Fic. 61.—Vickers Hardness Impression in Iron- Fic. 62.—Iron-Carbon Alloy; near to hard- 
Carbon Alloy after ageing for 188 hr. ness impression after ageing for 76 hr. 
x 500. x 1000. 


(Micrographs reduced to two-thirds linear in reproduction.) 
[Andrew and Trent, 








Pouate XXIX. 





Fic. 64.—Edge of Impression in Fig. 63. 
1000, 


Fic. 63.—Hardness Impression in Iron- ; 
Nitride Alloy made 30 min. after age- . 
ing. xX 250. 
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Fic. 66.—Rim near Hardness Impression 
shown in Fig. 65. 1000. 
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Fic. 65.—Hardness Impression in Iron-Nitride 
Alloy made 684 hr. after ageing. xX 25 


¢ 250. 





Fic. 67.—Near 


64 hr. after ageing. x 1000. 
(Micrographs reduced to two-thirds linear in reproduction.) 


Andrew and Trent. 











THE QUENOH-AGEING OF STEEL. 281 P 


ment due to ageing dropped off rapidly as the temperature of ageing 
was raised, being 40% less on ageing at 50° C. than on ageing 
at 25° C. 

Over-ageing took place on prolonged heating at temperatures 
above 25° C. At 50° C. the maximum hardness dropped from 267 
to 236 Brinell in 240 hr.; at 70° C. it decreased to 232 Brinell in 
69 hr.; at 100° C. it dropped to 173 Brinell in 28 hr., and to 144 in 
390 hr. When the alloy was examined after 390 hr. at 100° C. 
a fine precipitation was visible within the ferrite in the high- 
nitrogen zone. This is shown in Fig. 55, which is a photomicrograph 
of the alloy in the ferrite-braunite zone. 


Micro-Examination of Over-Aged Iron-Nitrogen Alloys. 

Heating the aged iron-nitrogen alloys to temperatures over 
100° C. for a period of 1 hr. precipitated the nitride which was 
held in supersaturated solution in a form which became visible 
under the microscope. 

After reheating to 150° C. for 1 hr. a mottled appearance was 
noticed in the ferrite at a magnification of 1000. Fig. 56 is a photo- 
graph of this specimen, showing that there was a definite but very 
fine precipitation within the ferrite. The form of the individual 
particles could not be distinguished. 

After reheating to 200° C. for 1 hr. the precipitated nitride 
was clearly visible in the ferrite at a magnification of 1000. Fig. 
57 shows that this precipitation was definitely in the form of needles 
running in two or three directions in each grain. The precipitation 
was evenly dispersed over the ferrite grains in the high-nitrogen 
regions of the specimen. 

After reheating for 1 hr. to 250° C. the precipitate was coarser. 
Fig. 58 reveals that the needles were larger and fewer in number, 
and that there was a tendency for the nitride to precipitate on any 
free nitride present, thus leaving thin areas free from precipitate 
around the braunite. 

After reheating for 1 hr. to 300° C. the precipitated nitride was 
again coarser. Fig. 59 shows that the nitride needles were again 
larger, fewer in number and had a marked tendency to precipitate 
preferentially on the grain boundaries and on any free nitride 
present. In the ferrite-braunite region most of the nitride already 
seemed to have migrated to the braunite. 


Discussion and Conclusions. 

The experiments on the age-hardening of a series of iron-nitrogen 
alloys of a fairly high degree of purity have led to the following 
conclusions : 

(1) Alloys of iron and nitrogen, within a certain range of com- 
position, increase in hardness at room temperature after being 
quenched in water from a certain range of temperature. These 
alloys are said to age-harden. 
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(2) The maximum age-hardening occurs in alloys of a composi- 
tion represented by the point A in diagram Fig. 18, usually given 
as 0-5% of nitrogen. The age-hardening is less in alloys containing 
less nitrogen than the optimum, but does not fall off very rapidly 
with the nitrogen content. Braunite, unlike pearlite, seems to 
age-harden, as do alloys which consist structurally of aggregates 
of braunite and free ferrite. Thus the maximum hardness attained 
on ageing actually increases as the nitrogen content increases above 
0-5%. On the other hand, if the alloys are quenched from a 
comparatively low temperature (e.g., 450° C.) and all the nitride 
needles have not been taken into a solution in an alloy containing 
nearly 0-5% of nitrogen, then this alloy will age-harden less than 
an alloy lower in nitrogen but in which all the nitride has been taken 
into solution. 

(3) The maximum ageing is obtained by quenching from tem- 
peratures between 580° and 700° C. and possibly from higher tem- 
peratures. In an alloy which would contain braunite if slowly 
cooled, quenching from 620° C. or above transforms the braunite 
into a constituent having a martensitic structure, which has been 
called nitro-martensite. Nitro-martensite is comparatively soft 
immediately after quenching, but is subject to age-hardening, and 
in the aged condition attains a hardness up to 500 Brinell. After 
quenching from temperatures below 580° C. less age-hardening 
occurs, but a hardness increment of 40 points Brinell is still obtained 
after quenching from temperatures as low as 350° C. 

(4) The rate at which age-hardening takes place increases with 
the temperature. For temperatures between 0° and 50° C. at least, 
the time (¢#) required to attain maximum hardness seems to vary 
with the ageing temperature (7) according to the formula : 

t = Cemi?, 
The alloy of optimum nitrogen content is fully aged after 10 hr. at 
25° C. and in less than 5 min. at 100°C. Therate of ageing decreases 
as the nitrogen content decreases. 

(5) Prolonged ageing at temperatures of 50-100° C. is accom- 
panied by a softening after the maximum hardness is reached. 
No visible change in the microstructure takes place on ageing at 
25° C., but after 390 hr. at 100° C. a fine precipitation of nitride was 
visible in the ferrite grains. On reheating or over-ageing for 1 
hr. at increasing temperatures, a very fine precipitation became 
visible after heating to 150° C.; this precipitation took the form 
of nitride needles, and tended to migrate to the grain boundaries 
and to any free nitride present as the temperature of reheating 
increased up to 300° C. 

(6) The maximum ageing in specimens }-in. thick was attained 
only on quenching in water. Oil-quenching was followed by a 
smaller degree of ageing, while a rate of cooling comparable with 
normalising was followed by no age-hardening at all. 

A comparison of the age-hardening of iron-nitrogen and iron- 
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carbon alloys leads to the following general conclusions. In iron- 
nitrogen alloys, age-hardening plays a much more important part 
than in iron-carbon alloys. Nitrogen is much more soluble in 
«-iron than is carbon, so that a higher hardness is attainable by 
ageing in iron-nitrogen alloys. A wide range of compositions in the 
iron-nitrogen series is subject to age-hardening, owing to the higher 
solubility of nitrogen in «-iron and also to the fact that braunite 
is age-hardenable while pearlite is not. The ageing process in 
iron-nitrogen alloys is less sensitive to changes in the quenching 
temperature than in iron-carbon alloys. This is partly due to the 
fact that nitro-martensite age-hardens at room temperature, while 
carbon-martensite does. not. 

Whilst it is through the agency of the eutectoid transformation 
that the properties of iron-carbon alloys can be improved by the 
addition of alloying elements such as nickel, chromium, manganese, 
&c., it seems likely that the properties of iron-nitrogen alloys 
may best be improved by the addition of alloying elements such as 
aluminium and chromium, which will alter the solubility and con- 
ditions of precipitation of nitrogen in «-iron. It is probable that 
the hardening obtained by nitriding alloy steels is connected with 
the solubility and precipitation of various nitrides in «-iron, and 
a study of the ternary systems involved, possibly by means of the 
method of investigation used in this work, would probably lead to 
important industrial applications. 


Some Errects CAUSED By COMBINED CoLD-WoRK AND QUENCH- 
AGEING IN IRoN-CARBON AND IRON-NITROGEN ALLOYS. 


This section is devoted to certain interesting phenomena which 
were observed in iron-carbon and iron-nitrogen alloys which were 
over-aged at temperatures well above room temperature. The 
effects of over-ageing at temperatures from 200° to 600° C. on 
the microstructure of quenched mild steel were discussed in the 
earlier part of this paper. The precipitation of carbide that occurred 
at these temperatures was dealt with in some detail. As a check 
on this former work, one specimen of the purified iron-carbon alloys 
which had been quenched from 720° C. and aged for over 1000 hr. 
at 25-5° C. was reheated for 1 hr. to 250° C. After rubbing the 
specimen lightly on No. F emery to remove the oxide film and 
repolishing, it was etched in a 2% alcoholic solution of nitric acid 
and examined under the microscope. As was expected, a precipita- 
tion of small particles was seen in the ferrite grains near the low- 
carbon end of the pearlite case. This precipitation (shown in 
Fig. 60) gradually became less as the distance from the carburised 
case became greater. Towards the centre of the specimen no pre- 
cipitation was visible. Fig. 60 also depicts a section of one of the 
hardness impressions that had been made after the specimen had 
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been ageing for 20 hr. It will be noted that the precipitation was 
apparently unaffected by the cold-work to which the material 
immediately surrounding the hardness impression must have been 
subjected. 

When the microstructure in the vicinity of other hardness 
impressions was examined, it was found that frequently the hardness 
impressions were surrounded by a “rim” free from precipitation. 
Such a rim is seen in Fig. 61; the hardness impression was made 
after the specimen had been ageing for 188 hr. On examination 
of the microstructure in the vicinity of other hardness impressions 
which had been made after various ageing times, rims of various 
widths, free from precipitation, were found. Over the range of 
carbon contents in which visible precipitation could be seen, all 
impressions which had been made after the same time of ageing 
showed the same conditions of precipitation in their immediate 
vicinity. The following tabulation gives a rough idea of the way 
in which the conditions of precipitation surrounding the hardness 
impressions varied with the time of ageing after which the impressions 
were made : 


Time after Quenching Precipitation in Vicinity of Hardness Impression after Reheating to 
at which Hardness 250° O. 
Impression was made. 
35 min, Precipitation right up to the edge of the impression. 
20 hr. Precipitation right up to the edge of the impression, but 


a distinct thinning out of the precipitation near the 
edge of the impression. 


76 hr. A narrow rim, free from precipitation, surrounded the 
impression. Width of rim about 0-001 in. 
188 hr. A wider rim, free from precipitation, surrounded the 
impression. Width of rim approximately 0-002 in. 
483 hr. As 188 hr., but slightly wider. 
983 hr. As 483 hr. 


Thus it seems that the precipitation in the cold-worked area im- 
mediately surrounding the hardness impression, when the specimen 
was reheated to 250° C., was dependent upon the time after quench- 
ing at which the impression was made. If the specimen was fully 
aged when the impression was made, no precipitation occurred in 
the cold-worked area on heating to 250° C. If the material was 
not aged at all when the impressions was made, the precipitation 
occurred at 250° C., apparently independently of the cold-work 
imposed by the impression. If some intermediate degree of ageing 
had occurred before the hardness impression was made, the pre- 
cipitation took place only in those areas which were lightly cold- 
worked, but not in those that were severely cold-worked, that is, 
close to the impression. 

There is one other point to which attention must be drawn. 
Fig. 62, taken in the vicinity of an impression which had been made 
after 76 hr. ageing (etched with picric acid solution) reveals that in 
the neighbourhood of the hardness impression there was a distinct 
tendency for the precipitated particles to go to the grain boundaries. 
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As an aid to elucidating the problems raised by this phenomenon, 
a second specimen was reheated to 190-200° C. for 1 hr. The 
conditions of precipitation surrounding the hardness impressions 
were in accord with the results recorded above on the specimen 
reheated to 250° C. However, the precipitation after reheating 
to 200° C. is only just visible under the microscope at the highest 
practical magnification (x 1000), and so no photographs are shown. 

Having observed these phenomena in iron-carbon alloys, some 
of the iron-nitrogen specimens were similarly examined to see if 
the same phenomena occurred in them. One of the purified iron- 
nitrogen specimens described above, which had been quenched from 
600° C. and aged at 25-5° C., was reheated to 190-200° C. for 1 hr. 
The prepared surface, upon which hardness impressions had been 
made at various times during ageing, was then rubbed on emery 
to remove the slight oxide film, polished and etched in a 2% alcoholic 
solution of nitric acid. A precipitation of very small nitride 
particles in that part of the ferrite which was high in nitrogen 
could be seen under high magnifications. As noticed in earlier 
experiments, the precipitation was lighter in some crystal grains 
than in others, possibly owing to the orientation of the nitride 
particles in the different crystal grains. 

In general, an examination of this specimen showed phenomena 
very similar to those seen in the iron-carbon alloys. Fig. 63 
illustrates a section of a hardness impression that had been made 
after 30 min. ageing. It will be seen that there was a well-marked 
precipitation within the crystal grains of the un-cold-worked 
material. Also, this precipitation was present in the zone immedi- 
ately surrounding the hardness impression, but not so thickly as 
elsewhere. This was confirmed by observation at a higher magni- 
fication; Fig. 64 shows that precipitation in the zone surrounding 
the impression tended to follow certain lines in the ferrite, and did 
not cover regularly the whole crystal surface. 

Fig. 65 is a photomicrograph of an impression made after 68} 
hr. ageing at 25-5° C. It can be seen that the precipitation appears 
to be lighter in some crystal grains than in others, but the hardness 
impression is surrounded by a wide rim in which there was no 
precipitation of nitride. This is shown at a higher magnification 
in Fig. 66, in which a few scattered particles are visible within the 
rim, but the rim is sharply defined and approximately 0-002 in. 
in width. Those particles present within the rim precipitated along 
certain “ ghost lines,” which were probably associated with the 
cold-working of this region. Fig. 67 shows the precipitation sur- 
rounding an impression made after 64 hr. ageing at 25-5° C. In 
this case there is a rim in which the precipitatian is somewhat less 
than in Fig. 63. The precipitation within the rim tends to occur 
along certain lines probably associated with the slip in the cold- 
worked metal. In the zone immediately surrounding an impression 
made after ageing for 19} hr. at 25-5° C. there was a rim about 
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0-002 in. wide; this contained only a few scattered particles of 

precipitated nitride. 

Certain differences were observed between these effects as seen 
in the iron-nitrogen alloys, and the similar effects in the iron- 
carbon alloys. In both cases a rim of approximately 0-002-in. width 
surrounded the hardness impressions (independently of the size 
of the impression) made after fully ageing the specimen at room 
temperature, when these specimens were reheated to 200-250° C. 
This rim was free from precipitated carbide or nitride particles. 
The difference between the two series of alloys was as follows : 

(a) In iron-carbon alloys, when the hardness impressions were 
made at increasing lengths of time after quenching, a wider and 
wider rim quite free from precipitated particles was found. 

(6) In iron-nitrogen alloys, when the hardness impression was 
made after only 30 min. ageing, a rim of the full width was formed 
about the impression. The rim was not free from precipitated 
particles, but it was well-marked, because the precipitation within 
it tended to occur along certain definite lines. The effect of in- 
creasing ageing time was not to increase the width of the rim, but 
to free the rim gradually from precipitation over its whole width, 
concentrating any precipitation that occurred along certain lines, 
until finally, when the impression was made in the fully-aged alloy, 
a rim quite free from precipitation was obtained. 

It was stated above that a visible precipitation of nitride particles 
was obtained in a specimen that had been over-aged for 390 hr. 
at 100° C. (see Fig. 54). This afforded the opportunity of studying 
this effect in a material that was both aged and over-aged at the 
same temperature. The following tabulation shows the condition 
of the rim surrounding hardness impressions made after various 
ageing times in this specimen : 

Time after Quenching 
at which Hardness Precipitation in the Vicinity of the Hardness Impression after 390 br. 
Impression was made. at 100° O. 

(1) 20 min. at 20°C. Rim 0-002 in. wide, containing considerable precipita- 
tion, more in some grains than in others, and tend- 
ing to concentrate in certain zones at different 
distances from the impression. 

(2) 5 min, at 100°C. As (1), but less precipitation. 

(3) 15 min. at 100°C. Rim of the same width but free from precipitation. 

(4) 35 min. at 100°C. As (3). 

(5) 24 hr. at 100°C. = As (3). 

(6) 274 hr. at 100°C. In some crystal grains there was no rim at all. In 
others it was of the usual width, but nowhere free 
from precipitation. In other grains the rim 
appeared to contain even more precipitated par- 
ticles than the surrounding metal. 


From this it can bé seen that material aged and over-aged at 100° C. 
did not differ essentially from that aged at 25° C. and over-aged at 
200° C. The impression made after 27} hr. at 100° C. (when the 
material had softened very considerably owing to over-ageing) 
showed almost no rim. 
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Only a very small number of specimens illustrating this phe- 
nomenon have been examined up to the present, and, owing to the 
very large number of factors involved, it would be premature to 
put forward any definite theory to explain the results. To give 
an idea of the extent of the problem, the following list of factors 
involved is given. It is assumed that the specimen (of suitable 
composition) has been quenched in water from 600° C. in the 
case of iron-nitrogen alloys, or 730° C. in the case of iron-carbon 
alloys : 

(1) Ageing time before cold-work is applied. 

(2) Temperature of ageing. 

(3) Degree of cold-work applied. 

(4) Time interval between cold-working and reheating. 

(5) Temperature during this time interval. 


(6) Time and temperature of reheating or over-ageing. 
(7) Rate of cooling from the reheating temperature. 


Of these factors only No. 1 has been investigated at all. Any 
full investigation of this phenomenon should take into account 
all of the above factors. For the present it can only be said that 
the cold-working of these alloys in the quenched and aged condition 
produces different effects from the cold-working of the same materials 
in the as-quenched or the annealed condition. When cold-work is 
applied to the quenched and aged alloy it appears to alter the 
solubility of carbon and nitrogen in the alloy at low temperatures 
and the conditions under which carbide and nitride will precipitate 
from supersaturated solid solution on over-ageing. 

The fact that cold-working after ageing produces a condition 
in which no visible precipitation occurs on reheating to temperatures 
at which, without cold-work, it does occur, may be due either to 
a suppression of precipitation by the cold-work, or to a more rapid 
precipitation in the cold-worked material followed by a migration 
of the precipitate to the grain boundaries or re-solution of the 
precipitate. From the present evidence, and from our knowledge 
of the general effects of cold-work, the second hypothesis seems to 
be the more likely. The reason why cold-working should not 
produce the same results on the quenched but un-aged material as 
it does on the quenched and aged material is not obvious. It is 
possible that the process of cold-working brings about a solution 
of the finely precipitated particles. 

In conclusion, it must be said that this phenomenon seems to be 
an important one. The sub-microscopic processes that take place 
on ageing and on cold-working are not thoroughly understood. The 
microscope can only detect changes in a material which has been 
over-aged, so that it cannot tell us anything of the processes that go 
on during ageing. The use of X-rays may tell us more. X-rays 
can show what changes take place in the lattice parameter of the 
solid solution during ageing, but can tell us little about the condi- 
tions of precipitated particles within the lattice when these are of a 
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certain range of dimensions well below the microscopic range, and 
it is just about particles of this order of magnitude that information 
is required for the further understanding both of cold-working and 
of ageing. The further investigation of the phenomena here de- 
scribed may provide very useful information about the processes 
involving particles of this order of magnitude, since it provides a 
means by which the microscope can be employed indirectly to 
examine the effect of the interaction of two processes both involving 
changes of sub-microscopic order. 


This investigation was undertaken on behalf of the Department 
for Research on the Cold-Working of Steel and other Ferrous Metals, 
founded in 1929 by the Worshipful Company of Ironmongers. 

The authors wish to acknowledge the assistance so willingly 
given by members of the Teaching and Research Staff of the 
Department of Metallurgy of the University of Sheffield. 
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AMERICAN ELECTRIC-FURNACE PRACTICE.! 


By W. M. FARNSWORTH anp E. R. JOHNSON 
(MassILLon, Onto, U.S.A.). 


(Figs 1 and 2 = Plates XXX. and XXXL) 


SUMMARY. 


The authors first outline the basic electric steel furnace equip- 
ment at the Canton plant of the Republic Steel Corporation, and 
refer briefly to the furnace hearth construction. They then describe 
in detail the operation of the arc and low-frequency electric furnaces 
at their works, giving attention to the raw materials used and the 
various modes of procedure in normal alloy steel practice, stainless 
steel practice, arc furnace practice (with stainless scrap addition) 
and the duplex process for making stainless steel; logs of furnace 
heats are recorded. In conclusion, the authors describe the tapping 
and pouring procedure. 


INTRODUCTION. 


THE electric furnace is used for the manufacture of many steels 
in the United States. Several types of electric-furnace construction 
are in use, and of these the predominating types are the conventional 
Héroult arc and the high-frequency induction furnace. Low- 
frequency induction furnaces are few. The largest of them (6 tons) 
is located at the Canton Works of the Republic Steel Corporation. 
The Héroult are furnaces may have either basic or acid bottoms, 
and generally it may be stated that the ingot-producing furnaces are 
basic, while the foundry furnaces for castings have acid linings. 
These furnaces are extremely varied in size up to 100 tons, with 
conventional sizes of 6, 15 and 25 tons capacity. 

In the United States the arc furnaces are used for the 
manufacture of many grades of steel for the purpose of obtaining 
quality, uniformity of product, close chemistry control, special and 
complicated analyses. Many of the special carbon tool steels, the 
highest quality alloy steels, the aircraft steels, the semi- and full 
corrosion-resistant steels, the special heat-resisting steels, the alloy 
tool steels and the high-speed steels are made in the basic are 
furnaces. 

EQUIPMENT. 


At the Republic Steel Corporation plant at Canton there are 
one 25-ton, three 15-ton (Fig. 1) and one 6-ton arc furnaces, all basic 
lined, and in addition one 6-ton, low-frequency induction furnace, 
basic lined (Fig. 2). They are used to produce special carbon steels, 
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alloy steels of all analyses, and low- and high-corrosion-resistant 
alloys. The largest production includes the anti-friction bearing 
steels, (high-carbon chromium and low-carbon alloy) aircraft alloy 
steels and semi- and full corrosion-resisting alloy steels. 

The 25-ton arc furnace was installed in 1930 and is of the latest 
design. The 15-ton and 6-ton furnaces are of an older design. All 
of the arc furnaces are equipped with the most modern automatic 
electrode control regulators. The are furnace transformer 
— voltages, size of electrodes and hearth areas are as 
ollows : 


Furnace Transformer Graphite Hearth 
Capacity. Capacity. Voltages— Electrode Area. 
Tons, kVA. High. Intermediate. Low. Dia, In. 8q. Ft. 
25 10,000 240 180 115 18 100 
15 4,500 220 170 110 14 64 
6 2,800 180 oon 110 12 40 


These furnaces are supplemented with all necessary facilities to 
permit efficient operations. The raw materials are stored in 
convenient and easily accessible places. Scrap is loaded by magnet 
cranes into charging boxes, which are delivered by narrow-gauge 
track to the furnace building. Two charging cranes are available 
for charging scrap into the furnaces. The furnace building has three 
ladle cranes for handling and pouring the steel into the ingot moulds. 
Space is also available in the furnace building for ladle care and 
for mould preparation. Secondary ladle equipment can be used 
when double-pour operations are desirable. 

Since the electric arc furnaces in this plant have a basic lining, 
a description will be given of the furnace hearth construction. 


FuRNACE HEARTH CONSTRUCTION. 


Because of the high temperatures and high-lime slags carried 
in the are furnaces, the lining, and particularly the hearth, is a 
problem that has been given intensive study. The hearth is subject 
to cracking and slag penetration, which are the sources of most 
hearth difficulties. While, to the authors’ knowledge, the 
difficulties have not been entirely overcome, their Company have 
developed a hearth lining that has given better results than the 
ordinary magnesite or dolomite bottoms, which were burned in layer 
by layer or rammed in with a suitable binder. 

The sub-hearth is installed in much the usual way, with a flat 
course of firebrick against the shell, on top of which are laid several 
courses of magnesite brick extending up the side wall to just above 
the slag line. The side walls and roof are lined with silica brick. 

The mix for the working hearth is made up with 80% of graded 
periclase grain and 20% of finely ground Austrian magnesite, to 
which is added liquid silicate of soda for a binder. The periclase 
is a magnesium-oxide grain that has been burned at a high temper- 
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ature to give approximately the same chemical and physical 
properties as fused magnesium oxide. The mix is graded as follows : 


20% 4 in. to }-in. mesh periclase grains, 90% MgO. 
20% + in. to 4-in. mesh periclase grains, 90% MgO. 
40% 4-in. mesh to fines periclase grains, 90% MgO. 
20% 7;-in. mesh to fines dead-burned Austrian magnesite, 83% MgO. 


This mix will require slightly over 5 quarts per cwt. ef liquid 
silicate of soda to form a good plastic mix for ramming. It is 
rammed in layers of 2-3 in. at a time until the hearth is up to the 
required thickness and contour. It is then dried for 24 hr. with a 
wood fire, after which the arc is applied and the furnace is brought 
up rapidly and held at a temperature just below that which would 
cause the silica brick in the side walls and roof to drip. After 24 hr. 
of this heating, the bottom will be sintered to a depth of 3-5in. It 
is then ready for operation and will become completely sintered 
through with use. 


ELEcTRIC FURNACE OPERATION. 


Since electric furnace development and practice have been 
described in the literature in many general ways, the authors 
propose to devote this paper to a description of furnace practice 
in the plant with which they are connected. The practices used 
in any plant have been established by experience gained in the 
application of the various steels. This leads to standardisation of 
practice, starting with the raw materials and continuing with all 
subsequent operations. 


Raw Materials. 


The raw materials include scrap, ferro alloys or other forms of 
alloying elements, oxidising agents, carburisers, and any material 
used for making slags. 

The heavy melting scrap is largely accumulated in the authors’ 
own plant from blooming-mill crops of low-carbon steel or from ingot 
irons. Some light scrap is purchased. Scrap containing alloy 
elements is sometimes used to permit alloy recovery. 

The condition of the scrap is very important in electric-furnace 
practice, as it can influence the element quality of the finished 
product. Therefore, every effort should be made to utilise and 
select, the best scrap, for both its physical appearance and its analysis. 

The ferro alloys and other alloy elements are purchased to 
specified chemical compositions. These include ferro-chromiums 
of varying carbon content, ferro-silicons, ferro-manganese, ferro- 
vanadiums, ferro-tungsten, ferro-titanium, ferro-molybdenum, 
calcium molybdate, ferro-columbium (ferro-niobium). Aluminium 
is available in several forms to provide suitable additions for either 
alloying purposes or deoxidation. 
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The slag-forming materials are lime (burnt), fluorspar, silica 
sand and coke (crushed). These have the following typical analyses : 


Ignition 
CaO. SiC,. MgO. SO,. R,0;. Loss. CaF,. S&S. Ash, Al,0,. Fe,0,. 
%- %- Yor %- to %- %- %- %- %- %- 
Lime . - 91-48 1:29 102 0-105 0-94 5-30 gee abe 
Fluorspar . 6:50 65-00 eee ooo eee ove 84-50 0-02 een eee 
Sand . o eco 98:34 eee eee 0-40 0-96 
Coke . ooo oe 060 11-00 eo ove 


Every effort is made to keep these materials dry, as the presence 
of moisture can be very troublesome. 


Normal Alloy Steel Practice. 


The furnace practice on normal alloy heats is essentially the 
same, except with regard to additions of deoxidisers. The authors 
are describing a typical charge and the method used for working 
such a heat of material. 


Melting Procedure. 

The furnace is charged first with selected heavy scrap and then 
with the lighter scrap. In the case of high-nickel steels, a large 
portion of the nickel is charged along with the scrap. The placing 
of the scrap in the furnace and the proper proportion of light and 
heavy scrap are important from the standpoint of bottom difficulties 
and rapid melting. Sufficient carbon, in the form of anthracite 
coal or ground carbon electrode, is charged in with the scrap, so as 
to produce a vigorous boil with the addition of iron ore. The 
charging of a large amount of lime or limestone with the scrap 
will retard melting. It is preferable to shovel in burned lime during 
the melting. The melting is done as rapidly as possible. High 
voltage is used for the first hour and a half of melting. Since the 
high voltage throws a large arc and would damage the side walls 
and roof after the scrap is under cover, the intermediate voltage is 
used when partly melted and low voltage when completely melted. 
In the case of molybdenum steel, calcium-molybdenum is added 
during the melting. Ore is added in the furnace just before and just 
after the scrap is completely melted. When the charge has 
completely melted and the boiling action from the ore has subsided, 
tests are taken for analysis. The carbon is determined quickly by 
means of a carbometer, after which the making of the heat 
progresses while the chemical laboratory analyses other elements, 
such as manganese, nickel, molybdenum, &c. Since the scrap charge 
is of known composition, there is little chance of these elements 
not being within the desired limit, or in such amounts that they 
cannot be brought within the specifications. So, when the carbon 
is oxidised to a desired point, the oxidising slag is removed. 


Refining Procedure. 
Slag may be removed very efficiently with either wood or steel 
rakes. As a matter of economy, wood is preferred where cheap 
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lumber is obtainable. After the slag has been raked off clean, 
the carbon is adjusted to the point desired by adding ground carbon 
electrode to the bare metal. This form of carbon is preferred to 
coke or anthracite coal because of its higher specific gravity. It is 
absorbed more quickly in the metal and the final slag mix may be 
added immediately afterwards. 

The materials used in the final slag mix are lime, sand and 
fluorspar, with sufficient coke to form calcium carbide. The amount 
of lime used, which should be adequate to form a protective covering 
over the bath, is 2% of the scrap charged. Fluorspar and sand are 
used in amounts to form the quickest possible flux with the lime. 
Too large a slag volume will make it more difficult to carry a high 
temperature in the bath. The lime, fluorspar and sand are mixed 
on the floor and shovelled into the furnace immediately after the 
bath has been recarburised. Crushed coke is then spread over the 
surface of the slag. Sufficient coke to form and maintain calcium 
carbide in the slag may be approximately 20% of the total slag 
mix, but will vary according to the conditions. The object is to 
form as quickly as possible a strong reducing slag, containing over 
2% of calcium carbide, and maintain it so throughout the refining 
period. Ordinarily the sulphur will be as low as 0-015%, and 
sometimes it is necessary to produce analyses with lower sulphurs. 
To do this consistently, it is necessary to watch the carbide slag to 
make sure that it is thoroughly reduced with a strong carbide 
content. In many cases it may be necessary to work the heat under 
a second carbide slag to accomplish this reduction of sulphur. 

As soon as the slag is uniformly reducing over the entire bath, 
tests are taken for a check analysis. Nickel and ferro-molybdenum, 
based on laboratory results from tests taken after the melt-down, 
are added at this point to bring these elements within the desired 
limits. The metal is kept at a high temperature and ferro-chromium 
is not added until tests indicate that the temperature is sufficiently 
high. Before each test, and periodically, the metal bath is 
thoroughly stirred with steel rods. When the laboratory results 
from the final tests are received, the necessary additions are made. 
Any necessary carbon addition is made with special low-phosphorus 
pig iron. Manganese and silicon are the last additions before tapping. 

Aluminium is added at a time and in amounts consistent with 
the results desired, especially with regard to grain size. This 
addition has been carefully worked out and must be accurately 
controlled. Up to the present time, no accurate means of 
determining the temperature of molten metal in the furnace has 
been developed. It is possible, however, to hold the temperature 
within very close limits by consistent observation. The tapping 
temperature in most cases is determined by the so-called film test, 
which consists of taking a sample of metal from the furnace in a 
well-slagged spoon and noting the time required for a film to freeze 
over the surface. To obtain reasonably accurate results by this 
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method, the current should be taken off the furnace and the bath 
well stirred before the test is taken. No other feature of the arc 
furnace is more important in the production of clean steel than its 
ability to operate at high temperatures. 

A log of a normal alloy steel heat is given in Table I. 


TaBLeE I.—Arc-Furnace Record of Normal Alloy Heat. 15-Ton 
Furnace. 





Analysis ordered: C, 0-15-0-20%; Mn, 0-40-0-60%; 8S, 0:025%; P, 
0:025%; Si, 0-15-0-30%; Cr, 0-45-0-75%; Ni, 1-00-1-50%. 





8.30 a.m. Previous heat tapped. 
8.40 a.m. Began charging: 36,000 lb. common scrap. 
265 Ib. nickel. 
120 lb. anthracite coal. 
9.10 a.m. Finished charging; power on high voltage. 
10.10 a.m. Add lime, 300 lb. Intermediate voltage. 
11.00 a.m. Add lime, 300 lb. Low voltage. 
11.15 a.m. Add iron ore, 200 Ib.; nearly melted. 
11.25 a.m. Add iron ore, 250 lb.; completely melted. 
11.40 a.m. Bath stirred. Carbometer test 0-:06% C. 
11.42 a.m. First steel and slag test. 
11.45 a.m. Start slag off. 
12.00 noon. Finish slag off. 
12.08 p.m. Refining slag mix added : 800 lb. lime. 
150 Ib. fluorspar. 
100 lb. sand. 
90 lb. coke. 
12.20 P.m. First steel test reported: 0:16% Mn, 0-012% P, 0-77% Ni, 
0-04% Cr. 
12.30 p.m. Add coke, 90 Ib. 
12.45 p.m. Bath stirred; slag carbide. 
12.50 p.m. Second steel and slag test. 
12.55 p.m. Add coke, 50 Ib. 
1.10 p.m. Stir bath; temperature test. 
1.15 p.m. Add chromium, 270 lb.: 70-00% Cr, 4.60% C. 
1.20 p.m. Add coke, 40 Ib. 
1.30 p.m. Second steel test reported: 0-08% C, 0:15% Mn, 0-026% 8, 
1-24% Ni, 0-05% Cr. 
1.35 P.M. Stir bath; temperature test. 
1.40 p.m. Add manganese, 182 lb.: 80-00% Mn, 6-70% C. 
1.40 p.m. Add silicon, 106 lb.: 76-00% Si. 
1.55 P.M. Power off; stir bath; temperature test. 
2.00 p.m. Tapped. 





Ladle Analysis. 
0-17% C, 0:57% Mn, 0-:013% P, 0-015% 8S, 0-22% Si, 1-22% Ni, 0-57% Cr. 


Slag Analysis. 
CaO. SiO, FeO. Fe,0,. Al,O,, MgO. MnO. PO, 8. Cal,. 
%- %: % wv: %: %: %: %: %- %: 
First 38°59 10-52 18-16 6-44 2-20 8-00 9-28 0-59 0-14... 
Second 60-86 17:30 0-97 Nil 0-72 4:10 0-40 Nil 0-31 2-40 
Tapping 63-74 20-19 0-58 Nil 0-30 825 0-10 -. 032 2-00 
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Stainless Steel Practice. 


In most of the stainless and heat-resisting steels, the carbon 
limits are so low as to preclude the use of any carbonaceous materials 
as reducing agents in the slag. A large tonnage of 18% chromium, 
8% nickel stainless steel is produced with a carbon limit of 0-07% 
maximum, and in most of the chromium and chromium-nickel 
grades of corrosion- and heat-resisting steels a carbon content of 
under 0-12% is specified. 

Those experienced in the production of corrosion- and heat- 
resisting steels are aware of the difficulties that may be encountered 
from the absorption of hydrogen in the metal. Chromium steels 
with silicon present have a high affinity for hydrogen at melting 
temperatures. If an appreciable amount of hydrogen is absorbed 
it will remain in solution until the metal is cast into the ingot moulds. 
It is then given off during solidification and results in porous ingots. 
Since little is known as to the elimination of this gas from the molten 
metal, every precaution should be taken to avoid its introduction. 
Hydrogen may be set free from materials containing moisture, or 
moisture from other sources may enter the furnace. 

The semi-corrosion-resistant steels with a lower chromium 
content are more susceptible to the effect of hydrogen than those 
with a higher-chromium content. In some cases, it is necessary 
to compromise with slag the conditions in order to avoid completely 
the possibility of hydrogen absorption. 

The slag conditions have a very decided effect. The metal is 
not so susceptible to the effects of hydrogen when made under a 
carbide slag or a slag containing some oxides. Therefore, with some 
grades and under certain conditions, a white lime-silica slag is very 
dangerous. However, such slag should not be confused with one 
that is produced with coke additions without any appreciable 
carbide present. 

It is always desirable from the standpoints of oxidation loss, 
close analysis control and good furnace practice to finish the heat 
under a slag relatively free from oxides. Since carbon cannot be 
used, other reducing agents such as silicon or aluminium are used, 
and of these silicon is the most common reducing agent added. 

Lime-silica and lime-alumina slags, when properly shaped up, 
will disintegrate to a white powder when cooled. 

A typical analysis of a lime-silica slag is as follows : 


Ca0. SiO, Al, FeO.  Mgo. P. 8. Or,0;. 
%: %: %: %o Yo % %: %: 

60-72 26-22 2-30 0-76 5-42 0-01 0-97 0-33 

In producing the stainless steels with a chromium content of 
over 16% from a common scrap charge, a white lime-silica slag may 
safely be used if reasonable care is taken to avoid the presence of 


moisture, as mentioned above. Except with respect to alloy 
additions, the furnace practice is much the same on all of the grades 
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containing over 16°% of chromium when made from a common 
scrap charge. With the chromium-nickel stainless grades, a large 
portion of the nickel is added with the scrap charge. The charge 
is melted with additions of lime and sufficient iron ore to oxidise the 
carbon to below 0:03%. When completely melted, tests are taken 
for analysis and the oxidising slag is raked off clean. The finishing 
slag mix, consisting of lime, crushed ferro-silicon (75% silicon) and 
fluorspar, is then added. The lime/silicon ratio in the slag mix 
should be about two and one half units of lime to one of silicon. 
To reduce the excess oxides and form a white slag, silicon amounting 
to 0-50% of the scrap charge is usually sufficient. When the white 
slag is formed, tests are again taken for analysis, and preheated 
ferro-chromium is then added. The lowest carbon content 
obtainable in the commercial grades of ferro-chromium is 0-06% 
maximum, and this is used when a carbon content of under 0:07% 
is to be maintained in the finished heat. 

The original scrap charge and all additions are accurately 
weighed, so that it will not be necessary to run an analysis after 
the chromium addition is made. It is important that the additions 
be made at intervals and in amounts that will not cause the tempera- 
ture of the metal bath to drop too low. In calculating the additions, 
no allowance is made for the oxidation loss of chromium or 
manganese when the heat is made under a white lime slag. How- 
ever, some allowance must be made for the silicon losses. 

There are some other stainless grades of the 18° chromium, 
8% nickel type containing special elements, such as titanium and 
columbium. These are elements which have been used to prevent 
carbide separation in the grain boundaries of the austenitic steels 
when heated to certain temperatures. Both titanium and columbium 
(niobium) seem to be strong carbide-formers and, therefore, make 
the material less susceptible to intercrystalline corrosion by prevent- 
ing carbide separation. Both of these elements have, therefore, 
been used by the producers of these special stainless steels and 
the practice of adding these elements becomes very critical. 

In the grades containing titanium, this element must amount to 
at least four times the carbon present to be effective. The usual 
specification is 0-07% maximum carbon with 0-50% minimum 
titanium. To avoid excessive oxidation loss requires very careful 
furnace practice. The loss may be kept at a minimum by running 
off part of the slag and retaining only about one half of the usual 
slag volume in the furnace before the titanium is added. The 
usual titanium alloy used for additions in the furnace has the 
following composition : 

0. %. Si. %. a a eS 
0-08 2-99 2-61 22-93 Balance 


The metal bath should be sufficiently hot so that it will go into 
solution quickly and it will not be necessary to hold the heat in the 
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furnace for a long period after the addition is made. Under the 
very best conditions only slightly more than 50% of the titanium 


added will be retained in the metal bath. 
A record of a 15-ton heat of 18% chromium, 8% nickel steel 


made in an arc furnace is given in Table ITI. 


TaBLE II.—Record of 15-Ton 18% Chromium, 8% Nickel Stainless 
Heat. Arc Furnace. 





Analysis ordered: C, 0-07%; Mn, 0-40-0-60%; S, 0:025%; P, 0-025%; 
Si, 0-30-0-50%; Ni, 8°75-9:25%; Cr, 17-50-18-50%. 





10.35 A.M. Previous heat tapped. 
10.45 a.m. Start charging: 24,000 lb. common scrap. 
3,100 Ib. nickel. 

11.05 a.m. Finish charging. Current on high voltage. 
11.45 a.m. Add lime, 300 1b. Intermediate voltage. 
12.20 p.m. Add lime, 200 lb. Low voltage. 
12.30 p.m. Add iron ore, 400 Ib. 
12.45Pp.m. Stir bath. First test, Carbometer, 0-03% C. 
12.50 p.m. Start slag off. 

1.00 p.m. Finish slag off. 

1.10 e.m. Add slag mix: 500 Ib. lime. 

175 lb. crushed silicon, 
50 Ib. fluorspar. 

1.30 p.m. Report first test: 0-027% C, 0-016% P, 11-40% Ni. 

1.35 p.m. Stir bath; white slag; second test. 

1.45 p.m. Add chromium, 3100 lb.: 0-06% C, 71-58% Cr, 0-72% Si. 

1.50 p.m. Add nickel, 230 Ib. 

2.10 Pp.m. Stir bath; test temperature. 

2.15 p.m. Add chromium, 3100 Ib.: 0-:06% C, 71-58% Cr, 0-72% Si. 
.20 P.M. Report second test: 0-027% C, 0-11% Mn, 0-10% Si, 11-37% 

Ni, 0-06% Cr. 
.40 P.M. Stir bath; test temperature. 
.45 p.m. Add chromium, 3090 lb.: 0-06% C, 71-58% Cr, 0-72% Si. 
10 p.m. Stir bath; test temperature. 
3.20 p.m. Add manganese, 140 Ib.: 0-60% C, 82-00% Mn. 
3.25 p.m. Add: Lime, 150 lb. 
Crushed silicon, 50 lb. : 76-00% Si. 

3.35 p.m. Add lump silicon, 122 lb.: 76-00% Si. 
3. 
4, 


2 


2 
2 
3 





50 p.m. Stir bath; temperature test. 
00 p.m. Tapped. 





Ladle Analysis. 
0. % Mn. %. 8. % P. % Si. %. Ni. %. Cr. %. 


0-057 0-44 0-011 0-015 0-41 8-93 17-94 











Since the element titanium is so easily oxidisable and stainless 
sheets containing this element may show bad inclusion areas, it is 
sometimes preferable to use the element columbium (niobium). 
This element is not so easily oxidisable and, therefore, is to be 
preferred for the manufacture of welding rod. This element is 
added in the form of ferro-columbium (ferro-niobium) in small 
amounts 20-30 mins. before tapping, and the usual recovery in the 
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metal bath is from 80 to 85% of the amount added. This alloy 
has a high melting point, and therefore care must be used to be 
sure that the alloy is completely melted before tapping the heat. 
The usual analysis of this ferro alloy is as follows : 


0. %. Or. %. Ob. %. Si. %. Fe. %. 
0-39 0-46 57-19 6-98 Balance 


Arc Furnace Practice—with Stainless Scrap Addition. 


Ordinarily common scrap may be melted in the are furnace with 
no noticeable carbon pick-up in the metal bath from the electrodes. 
If some carbon is absorbed, there is usually sufficient oxide on the 
surface of the scrap to oxidise it out. Scrap containing a high 
percentage of chromium has a greater affinity for carbon and it is 
not so easily oxidised. Additions of iron ore will oxidise considerable 
chromium before any of the carbon is eliminated. The carbon is 
usually absorbed in the first stages of melting, when the move- 
ment of the electrodes is down through the scrap and until a pool 
of metal has been formed. After the pool of metal is formed and is 
protected with a slag covering, there is little or no danger of further 
carbon pick-up. Various methods of melting stainless scrap to 
avoid carbon pick-up have been developed, all of which require 
most careful control, and some are of questionable economy. 

With proper control, it is possible to reclaim a large percentage 
of stainless scrap with a 0-12% maximum carbon limit, but to 
maintain a carbon content of under 0-07% in the finished heat is more 
difficult. The induction furnace is used as an aid in reclaiming 
the lower-carbon scrap. In maintaining a carbon content of 
0-12% in the finished heat, stainless scrap amounting to 
approximately 50% of the total charge is melted in conjunction 
with ingot-iron scrap, which has a carbon content of 0-:03%. The 
ingot-iron scrap is obtained from mill crop-ends produced in the 
authors’ own plant. In order to avoid an excessive carbon pick-up, 
certain precautions are essential in the charging and melting. 
The ingot-iron scrap is charged first directly under the electrodes. 
Iron ore, amounting to from 1% to 2% of the total charge, is placed 
on top of the ingot iron. Heavy stainless mill crops and ingot 
butts are placed around the sides so as not to come in contact with 
the electrodes, and light stainless scrap is distributed over the top 
of the charge. The melting is started with high-voltage current 
adjusted to about one-half of the full load capacity, which provides 
a long arc and prevents as nearly as possible close contact between 
the scrap and electrodes. As the charge melts, a slag mix, consisting 
of lime, sand and fluorspar, is added to provide a fluid slag covering 
as soon as a pool of metal is formed beneath the electrodes. When 
completely melted, crushed silicon and lime are added to reduce 
the oxides that have formed in the slag during melting. Tests are 
then taken for analysis, after which part of the slag volume is 
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removed. The amount of silicon used will not reduce the oxides 
completely, but it is sufficient to cause a small amount of residual 
silicon in the metal bath. A white lime slag is dangerous from the 
standpoint of hydrogen absorption in stainless-scrap heats. Since 
the scrap charge is of known composition, the major portion of the 
preheated chromium is added before the laboratory results are 
obtained. Thereafter, only small adjustments are necessary to 
bring the metal bath within the desired specifications. 

The log of a heat of stainless steel made in an arc furnace with 
stainless-scrap additions is recorded in Table ITI. 


TaBLE III.—Arc-Furnace Record of a 15-Ton Stainless-Steel Heat 
with Stainless-Scrap Additions. 





an’ ordered: C, 0-10% (max.); Mn, 0-30-0- 50% 5 S, 0:025%; P, 
0:025%; Si, 0-30-0-50%; Cr, 16-50-17-50%,. 





8.10 a.m. Previous heat tapped. 
8.20 a.m. Began charging: 13,000 lb. ingot iron scrap: 0-03% C. 
19,000 lb. stainless scrap: 0-09% C, 17-20% 


Cr. 
400 Ib. iron ore. 
8.50 a.m. Finish charging. Power on high voltage. 
9.05 a.m. Add slag mix: 300 lb. lime. 
100 lb. fluorspar. 
100 lb. sand. 
9.50 a.m. Add slag mix: 300 1b. lime. Intermediate voltage. 
100 lb. fluorspar. 
100 lb. sand. 
10.25 a.m. Nearly melted. Low voltage. 
10.40 a.m. Completely melted; stir bath. 
10.45 a.m. Add crushed silicon, 150 Ib. : 75-00% Si. 
10.55 a.m. Stir bath. 
11.00 a.m. Test for laboratory. 
a pty Finiah eles off \ one-half to two-thirds of slag removed. 
11.25 a.m. Add lime, 300 lb. 
11.30 a.m. Add chromium, 2500 lb. : 70-20% Cr, 0-20% C. 
11.40 a.m. Test reported: 0- 07% C, 0:25% Mn, 0- 08% “Si, 9-03% Cr. 
12.00 noon. Add chrome, 2500 lb. : 70-20% Cr, 0:20% C 
12.30 p.m. Stir bath; chrome in solution ; temperature tested. 
12.40 p.m. Add lime, 150 lb.; crushed silicon, 50 lb. : 75-00% Si. 
12.55 p.m. Add manganese, 95 lb.: 82-00% Mn, 0-60% C. 
1.10 P.m. Stir bath; temperature test. 
1.20 P.M. Tapped; added to ladle 190 lb. Ca-Si: 62-00% Si. 





Ladle Analysis. 
O. %. Mn. %. P.. % 8: % Si. %. Cr. %. 
0-086 0-43 0-016 0-012 0-43 17-30 











Duplex Process for Stainless Steel. 


Induction furnace melting in the authors’ plant has been 
confined entirely to reclaiming stainless scrap. The furnace is 
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rated at 6 tons capacity and is of the low-frequency horizontal-ring 
type. Current is supplied to the primary coil from a single-phase 
800-kW. generator at 2200 V. and 900 amp. at 8-57 cycles per sec. 
The furnace hearth may be described as a channel 7 in. wide at the 
bottom, 15 in. wide at the top and 15 in. deep, which forms a circle 
around the centre core. Because of its circular form, it is essential 
that materials used in the lining have a minimum of contraction and 
expansion at high temperatures. This lining is made up of fused 
magnesium oxide with a special pitch used for a binder. Because 
of the almost vertical walls, repairs to the hearth during operations 
are difficult, but a properly installed hearth possesses remarkable 
resistance to erosion and slag penetration and will usually last for 
more than a thousand heats. 

To start the furnace, a cast-iron ring weighing 1000 lb. and a 
cast-steel ring weighing 4000 lb. are placed in the channel to start 
the heating and baking out of the lining. The temperature is 
brought up slowly until the rings are melted. Powdered open- 
hearth slag is dusted over the walls in order to achieve a flux and 
avoid crumbling. Scrap is then added at intervals until the metal 
bath is brought up to the full furnace capacity. Until sufficient 
thickness of sinter is obtained, very careful practice is necessary 
to avoid damage. The lining life will depend to a great extent 
on the care exercised in the first week of operation. 

The furnace will conveniently hold up to 13,000 Ib. of metal, 
part of which is retained in the furnace after tapping. Usually 
9000 lb. are tapped out, leaving from 3000 to 4000 lb. in the furnace 
to carry the current. 

The scrap is hand-charged into the furnace by means of a peel. 
During the melting, lime is added, with sufficient crushed silicon to 
produce a fluid slag. This slag is removed and lime is added just 
before tapping. The swirling motion of the metal in the furnace 
tends to wash the slag to one side, causing the surface of the metal 
to be partly exposed, regardless of the amount of slag added. There 
is no evidence of hydrogen absorption in the induction-furnace 
metal. It does, however, have a tendency to absorb nitrogen, which 
goes into solution as metallic nitrides and has no effect on the 
soundness of the cast ingot. 

In reclaiming stainless scrap with a carbon content of under 
0-07%, very satisfactory results are obtained by operating the 
induction furnace in conjunction with the 7-ton arc furnace. This 
operation consists of producing a small melt from a common-scrap 
charge in the arc furnace and maintaining the lowest possible carbon 
content. With nickel, chromium and other additions, the total 
melt will amount to about one half of the full charge. To this is 
added hot metal from the induction furnace, sufficient to make 
up the full heat. The combined metal will ordinarily be well 
within the low carbon limits. This operation also permits refining 
of the induction metal under arc-furnace slag conditions, which 
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tend to produce a cleaner and more uniform steel. The melting 
time of the two furnaces is almost equal, and little difficulty is 
encountered in synchronising the operations. 

An arc-furnace record of a 7-ton heat of stainless steel made in 
conjunction with the induction furnace is given in Table IV. The 
induction-furnace record of the melt for the arc furnace is quoted 
in Table V. 


Taste IV.—Arc-Furnace Record of a 7-Ton Stainless-Steel Heat 


Made in Conjunction with the Induction Furnace. 





| Analysi ordered: C, 0:08%; Mn, 0-40-0-60; S, 0-:025%; P, 0-025%; 
Si, 0-35-0-45; Ni, 8-50-9:00%; Cr, 17-50-18-50%. 





6.50 A.M. Previous heat tapped. 
7.00 a.m. Began charge: 6200 lb. common scrap. 
800 lb. nickel. 
7.10 a.m. Finish charge; current on. 
7.25 a.m. Add lime, 300 lb. 
7.35 a.m. Add iron ore, 125 lb. 
7.554.M. Bath stirred. Carbometer test, 0-03% C. 
8.00 a.m. Start slag off. 
8.10 a.m. Finish slag off. 
Add slag mix: 300 Ib. lime. 
60 lb. crushed silicon : 76-00% Si. 
8.15 a.m. Add fluorspar, 25 lb. 
8.35 a.m. Bath stirred; second test. 
8.40 a.m. Add induction-furnace hot metal, 9000 lb. 
Analysis: 0-075% C, 0-45% Mn, 0-40% Si, 9-:00% Ni, 17-90% 


Cr. 
8.55 a.m. Add chromium, 2250 lb. : 72-00% Cr, 0-06% C. 
9.05 a.m. Second test reported: 0-025% C, 0-12% Mn, 0-10% Si, 11-30% 
Ni, 0-15% Cr. 
Add nickel, 37 Ib. 
9.10 a.m. Add chromium, 110 lb.: 72-00% Cr, 0-06% C. 
9.25 a.m. Add manganese, 35 lb.: 82-00% Mn, 0-60% C. 
9.30 a.m. Stir bath; test temperature. 
9.40 a.m. Tapped. Ladle addition, Ca-Si, 55 lb.: 62-00% Si. 





Ladle Analysis. 
0. %, Mn. %. 8 %. P. % Si. %. Ni. %. Or, %, 
0:07 0-47 0-008 0-018 0-42 8-97 17-98 


Analysis of Slag at Tap. 
CaO. %. Bis. %  Al,Oy %. FeO. %  FegQs %- Ory. %- 
60-50 28-00 1-67 0-70 Nil 0-30 











TAPPING AND PouRING. 


Normal alloy and stainless heats are handled in much the same 
manner with respect to tapping and pouring. All precautions are 
taken to prevent contamination of the metal. A runner brick 
walled in to the spout opening of the furnace provides a tap-hole, 











302 P FARNSWORTH AND JOHNSON : 


through which the metal flows from the furnace into the ladle. The 
furnace is tilted at such a rate as to keep the slag level above the 
tap-hole, thus holding back the slag until the tap is complete. 


TaBLE V.—Induction-Furnace Record of the Melt for the Arc Furnace. 





Analysis ordered: C, 0-80%; Mn, 0-40-0-60%; P, 0:025%;. 8,.0-025%; 
Si, 0:35-0-45%; Ni, 8-50-9-00%; Cr, 17-50-18-50%. 





.30 4.M. Tap previous heat. 

40 a.m. Start charging. Current on. 9200 lb. scrap: 18-00% Cr, 
9:00% Ni. 

.30 4.M. Test for laboratory. Add lime, 150 lb. 

.50 a.M. Finish charging. 

40 a.m. Add slag mix: 100 lb. lime. 

30 Ib. silicon : 75-00% Si. 


.00 a.m. Finish slag off. 
.05a.M. Test reported: 0:070% C, 030% Mn, 0:24% Si, 900% Ni, 
17-80% Cr. 
15 4.M. Add chromium, 50 Ib.: 72-00% Cr, 0-:06% C. 
.254.M. Add manganese, 30 lb.: 82-00% Mn, 0-60% C. 
.35.4.M. Tap. Ladle addition, Ca-Si, 26 lb.: 62-00% Si. 
Transferred to arc furnace. 


5 
5 
6 
6 
7 
7.50 a.M. Start slag off. 
8 
8 
8 
8 
8 





Ladle Analysis. 
oO. %,. Mn. %. Si. %. Ni. %. Cr. %. 
0-075 0-45 0-40 9-00 17-90 











The ladles used are of the bottom-pour type, with mechanism 
on the side for operating the stopper rod. Particular consideration 
is given to the selection of the brick used in the ladle lining from a 
standpoint of softening and spalling at high temperatures. The 
same consideration is given to the stopper-rod sleeves, stopper heads 
and nozzles. These are replaced after each heat. The ladles are 
thoroughly cleaned and preheated as hot as possible before using. 
The nozzle size varies, depending on the type of steel and size of 
ingots cast. In pouring, the necessary care is exercised to pour at 
the proper rate to avoid splash and ensure a good ingot surface. 
Normal alloy and stainless heats are cast into moulds of various 
sizes and design. Ordinarily, ingot moulds designed to avoid 
flute or corner cracks in normal alloy steel will be satisfactory for 
stainless steel. The more complicated types, for example 25% 
chromium and 20% nickel, are better handled in moulds of smaller 
cross-section. The size of ingot in most cases is governed by the 
size of the finished product. In preparing the moulds for normal 
alloy heats, a tar coating is applied to the inside surface. For 
stainless heats, a coating consisting of aluminium powder, shellac 
and alcohol is used instead of tar, in order to avoid any possible 
carbon pick-up. Best results are obtained with a mould temperature 
of slightly above a 150° F. when applying tar. A lower temperature 
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is more desirable when applying the aluminium coating. Several 
types of sink heads—so-called hot-tops—are used. From the stand- 
point of ingot soundness and yield, generally, little advantage can 
be claimed for one over the other. The choice of mould design and 
hot-top used is governed by the results obtained from experience in 
producing the various types of steel. After the ingots are poured, 
sufficient time is allowed for solidification, depending on the size. 
They are then loosened in the moulds and sent to the blooming mill 
or forge shop for subsequent processing. 


paper was discussed jointly with that by D. F. Campbell on “Electric Furnaces in European 
Bteclworue at the Autumn Meeting in London on Wednesday, October 26, 1938. In order to avoid 
delay in the publication of the present volume, the discussion and authors’ replies are held over until the 
No. I. volume of the Journal for 1939.) 
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ELECTRIC FURNACES IN EUROPEAN 
STEELWORKS.! 


By D. F. CAMPBELL (Lonpoy). 
(Figs. 1 to 10 = Plates XXXII. to XLI.) 


SUMMARY. 


The paper describes modern European practice in are and high- 
frequency furnaces. 

Electric furnaces for smelting iron ore are briefly discussed, and 
the arc furnace for steelmaking is described in greater detail. The 
relative merits of hydraulic and electric regulation of electrodes, 
fixed and removable roofs, various types of charging baskets, fixed 
and rotating hearths, and amorphous, graphite and Soderberg 
electrodes are considered, and the principal characteristics of several 
recent furnaces are stated. 

Recent methods of rapid deoxidation and refining by agitation 
of the steel with suitable slags are described. 

The development of the high-frequency furnace, from the first 
small wooden box equipments to the modern large steel structures 
shielded by iron laminations or copper, is described, and typical 
British and Continental installations are compared. 

The principal electrical features of high-frequency equipment, 
such as coils, condensers, motor-generators, protective devices and 
control gear, are reviewed. 

Typical modern high-frequency shops of British and Continental 
design are compared and illustrated. 

Finally, the possibility of using the heat and movement obtained 
by induction heating for refining purposes is discussed. 

The paper is illustrated with photographs and drawings of recent 
British and Continental installations. 


THE last few years have been a period of intense activity in the Euro- 
pean steel trade, and, as a result, a large number of electric fur- 
naces have been constructed. 

Technical developments vary in different parts of Europe, owing 
to the divergence of the natural resources in different countries and 
their national policies of self-sufficiency. Recent developments in 
Europe include the construction of electric iron ore smelting furnaces 
of new design in the few countries where exceptional circumstances 
make this method of reducing iron ores commercially possible. 
Improvement in detail of the electrical and mechanical design of 
steel-melting arc-furnace construction has also been rapid, and in- 
teresting new metallurgical practice has been developed. The in- 
creased use of high-frequency induction furnaces for making special 
steels has been remarkable and the size of individual units has 
increased. 


1 Received July 11, 1938. 
1938—ii x 
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Shaft furnaces, which have been used for the reduction of iron 
ores in Sweden for more than thirty years, are now being replaced 
by pit furnaces of comparatively simple design in which the rich 
gases are collected and used for general heating purposes. This 
type of furnace is especially suitable for smelting iron ore with coke, 
which is often available as a reducing agent where wood charcoal, 
which was used in the electric shaft furnaces, is no longer available 
at a reasonable price. These furnaces are also less costly to build 
than the complicated shaft furnaces which have been used in Sweden 
for the last three decades. 

Eleven iron reduction furnaces of this new type have re- 
cently been built (see Fig. 1), of which nine are of between 6000 and 
9000 kVA. and two are of 12,000 kVA., the electrodes being arranged 
in a line in the former and in a triangle in the latter case. These 
furnaces produce iron from a 50% iron ore with a power consump- 
tion of 2400-2600 kWh. per ton for ordinary iron, or 3000 kWh. 
for high-silica irons. These furnaces are all equipped with Soder- 
berg continuous electrodes and automatic and gas-tight charging 
chutes, and about 700 cu. m. of gas containing 75-80% of CO and 
of 2500 cal. per cu. m. are recuperated. This gas is collected and 
used for general heating purposes in the works. The coke consump- 
tion is about 880 lb. of coke or coke breeze, and the electrode con- 
sumption 18-22 lb. per ton of iron. 

It is interesting to note that the power consumption does not 
differ materially from the figures recorded in 1907, when Héroult 
was smelting iron ores at Sault Ste. Marie in pit-type furnaces. 

This industry of iron smelting in pit-type furnaces has been 
established in Norway, Sweden, Finland and Italy, where conditions 
favour electric smelting, but there seems to be no probability of 
applying this process in Great Britain, where ample supplies of ex- 
cellent fuel and lean iron ores form the basis of most iron-smelting 
operations. 

The largest furnaces are now of 12,000 kVA., but there seems to 
be no reason why furnaces of very much greater power and output 
should not be constructed. 

A large number of arc furnaces for steelmaking have been con- 
structed during the last five years in British and other European 
steelworks, and it is interesting to note that almost all constructors 
have returned to the simple three-phase furnaces with three elec- 
trodes, of which the prototype may be considered to be the 15-ton 
furnace built at the Illinois Steel Co.’s works at South Chicago by 
that great French engineer, Paul Héroult. In Europe the number 
of electrodes has generally been limited to three, and there is a strong 
body of opinion that considers a three-electrode furnace with a 
capacity of about 30-40 tons for liquid metal or 20 tons for melting 
cold scrap, of 8000-10,000 kVA., as the largest unit that is con- 
venient to operate. 

The electrical equipment is generally of simple and strong 
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construction, the electrodes being either electrically or hy- 
draulically controlled by automatic regulators. A large number of 
furnaces are now being built with hydraulic control, which has the 
advantage of a more rapid and flexible movement than that which 
is obtainable with small motors and reduction gears. Some op- 
erators dislike hydraulic equipment near a furnace, but, with careful 
design and well-made equipment, the hydraulic control is quite 
as satisfactory as electrical apparatus. The difficulty of ‘“ hunt- 
ing,’ which has been prevalent with various types of regulator, 
gave some trouble when hydraulic control was first introduced, but 
this has been overcome by the proper design of the apparatus and 
pipe-fitting. The choice at present is largely a matter of personal 
preference. 

The electric regulators are of various types, but do not differ 
materially from those that are well known in the United States. 

The main electrical equipment of electric furnaces now usually 
consists of a transformer and reactance coil, often built in a single 
tank with taps and star-delta change-voltage apparatus, external 
coolers with oil circulating pumps being usually preferred. The 
rating of transformers has been given careful consideration, so as to 
obtain a maximum output under furnace working conditions, and 
provision is usually made for heavy overloads for melting periods. 

The following are characteristics of three furnaces of modern 
European design : 


A. B. Cc. 
Capacity 66,000 Ib. 26,000 Ib. 50,000 Ib. 
Power 6000 kVA. 3500 kVA. 9000 kVA. 
Secondary voltages 200-140 200-140 280-150 
120-85 120-85 162-86 
Max. amperage 19,500 11,200 23,000 
Electrodes 16-in. graphite 20-in. amorphous 28-in. Soderberg 
Roof Fixed Removable Removable 
Regulators Electric Electric Electric 
Hearth Fixed Fixed Rotating 60° 
Transformer Natural, external Natural, external Oil circulated to 
circulation circulation external water- 
cooler 
Reactance, exclud- 20% 20% 15% 


ing furnace 


N.B.—In all cases, the main and change switches are operated from the 
furnace control cabin by electric distant-control mechanism. 


Important developments in the construction of furnaces have 
occurred in the last few years, especially as regards removable roofs 
for rapid charging, and rotating hearths. 

Rapid charging is commonly effected by the removal of the roof 
and electrode mechanism by an overhead bridge crane, by hori- 
zontal movement of the furnace body, or by swivelling the roof, as 
is practised in several furnaces in the United States. By either 
method much time is saved, and, in the case of furnaces for charging 
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cold scrap, this construction is likely to be generally adopted (see 
Fig. 2). 

"ie the case of swivelling-roof furnaces, the lifting cylinder is 
often placed on the furnace and the roof raised by a forked structure 
lifting the roof at two points, which allows the roof to settle down 
on the body more efficiently than in the case of a rigid 
structure. 

The removable-roof furnace has the great advantage that it can 
be filled to the roof instead of the door level, as with a charging 
machine, and, as a result, the whole furnace charge can generally 
be loaded at a single operation, with a minimum of effort on the part 
of the furnacemen. Consequently the crew on the furnace platform 
can be substantially reduced in the case of large furnaces. In many 
works, turnings are crushed to obtain denser packing in the furnace, 
but the use of bundling presses is not common for the preparation of 
charges. 

Various types of charging baskets have been used successfully. 
The preparing of charges in steel nets has been used, but as the net 
was lost in each charge this method has given way to other devices, 
owing to the high cost. 

A basket consisting of radiating flexible steel plates attached at 
the centre by a rope, which burns on entering the furnace, is used 
extensively, and also hemispherical self-dumping buckets. A simple 
cylindrical box, with hinged bottom and self-tripping catch, which 
operates when the box is lowered on to the furnace bottom, is 
cheap and efficient. 

The saving of time, heat and labour resulting from removable- 
roof furnaces is one of the major improvements of recent years. 
The charging of a 3-ton swivelling-roof furnace is now completed 
in one or two minutes, and five minutes is sufficient to charge a 20-ton 
unit with a bridge crane. 

The latest mechanical device is the rotating-hearth furnace (see 
Fig. 3). In the case of some large furnaces, the hearth is mounted 
on rollers capable of being rotated about 60° when the roof and 
electrode mechanism are raised. In furnaces of high power, especi- 
ally when melting turnings, three holes are rapidly burnt in the 
charge, and the electrodes and roof are then raised, the hearth is 
rotated and melting is recommenced. With some classes of scrap 
there is a saving of about 25-30 min. per heat on powerful furnaces 
of 6000 kVA. and 20 tons capacity. 

There is no definite evidence yet available as to whether it is 
worth moving the bath during the refining period to improve or 
accelerate the refining and homogeneity of the metal. A consider- 
able number of furnaces are, however, being built with this rotating 
hearth. 

In Europe, the best sizes of electric steel furnaces for melting 
cold scrap are considered to be units of 3 to 15 tons, but for duplex 
working with the basic Bessemer process, which is extensively used 
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in Europe, the electric furnace is usually of the same capacity as the 
Bessemer vessel, e.g., 25-30 tons. 

Many furnaces still operate on the well-known methods of melt- 
ing and dephosphorising with a lime/iron-ore slag at comparatively 
low temperatures, slagging and finishing under a white desulphuri- 
sing and deoxidising slag of lime and fluorspar. Several new pro- 
cesses or changes in metallurgical methods of arc-furnace practice 
have, however, been introduced in recent years, resulting in great 
acceleration of the chemical reaction. 

A remarkable discovery was made a few years ago—that vio- 
lently oxidised metal, after the dephosphorising slag was removed, 
could be reduced to a properly killed steel of remarkable freedom 
from inclusions by rapid and violent agitation with a suitable slag 
free from oxide of iron. 

Further, it was found that sulphur could be removed by the use 
of an ordinary lime/iron-ore slag if the temperature were raised and 
precautions were taken to keep a high percentage of lime and low 
silicon contents in the slag. These discoveries are leading to a 
revolution in arc-furnace practice in some European works, and the 
time spent in finishing a steel after it is melted is being reduced 
from hours to minutes. 

How far these rapid methods of steelmaking may be applied 
without prejudice to quality is to some extent an open question, but 
for many qualities of steel excellent results, as regards freedom from 
inclusions and general chemical and physical qualities, are obtained, 
and the steel is definitely as clean from non-metallic inclusions as 
steel made by more orthodox methods. This rapid method of 
steelmaking has not yet been proved altogether satisfactory for 
austenitic chromium-nickel steels, and the general method used in 
Europe for making these steels involves a long quality refining 
process when arc furnaces are used. 

The above remarks apply to the rapid method of deoxidising 
steel by mixing the steel violently in a ladle with a slag containing 
less than 0-5% of FeO. Within 60 sec. the steel is deoxidised and 
the oxide of iron in the slag is increased, so that the slag must be 
returned to the slag furnace for reconditioning, or scrapped and a 
new slag used. At present the percentage of slag used is so small that 
recovery of the slag is hardly worth the inconvenience and expense. 

In addition to deoxidation, important work is being done with 
dephosphorising slags, especially for the duplex refining of basic 
Bessemer steel, and the possibility of carrying out important re- 
fining operations almost instantaneously by violent mixing of slag 
and metal is being recognised, now that it has been well established 
that such treatment does not necessarily lead to any increase of the 
inclusions in the steel. 

In addition to rapid refining by agitation with liquid slag, similar 
work is being done with solid slagmaking materials. In duplex 
working, dephosphorising is now effected by pouring the liquid 
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metal on to suitable slag-making materials, with the result that the 
dephosphorising slag can be removed in 10 min. and a complete 
refining operation completed in less than 1 hr. in an electric furnace, 
as compared with 14-2 hr. which was customary for a dephospho- 
rising and desulphurising operation. 

The are furnace is generally recognised as a producer of ex- 
ceptionally clean steel as regards inclusions, and it is interesting to 
note that a most careful and exhaustive examination made in several 
of our leading research laboratories of ingots made by this rapid de- 
oxidising process have proved that the number of the inclusions is 
no greater and the quality of the steel no worse than when the steel 
is made slowly in arc furnaces by the ordinary process with the ut- 
most care and skill. 

The question of refractories is receiving constant attention, and 
some improvement in quality of silica bricks has been made. The 
majority of furnace operators still use silica roofs for basic working, 
although great efforts have been made to introduce magnesia and 
magnesia-alumina and magnesia-chrome mixtures. Recently, an 
important improvement has been made in the manufacture of dolo- 
mite bricks, which can now be obtained entirely stable as regards dis- 
integration by humidity. This makes possible the transport and 
storage of dolomite bricks, and it is a development of importance 
to those countries aiming at internal self-sufficiency, as dolomite is 
widely distributed, whereas magnesite deposits of suitable quality 
for brickmaking are comparatively rare. This development is due 
to a new method of preparing the dolomite, by which no free lime 
remains in the brick, and the results are certainly excellent as re- 
gards stability in damp weather. 

The choice of electrodes is also an open question in Europe, but 
the amorphous electrode is tending to disappear, and most of the 
new furnaces are equipped with graphite or Soderberg electrodes. 
The issue between these two types of electrodes has been somewhat 
complicated by commercial considerations, but steelmakers who 
want the cheapest electrode usually adopt the Soderberg system if 
they have a number of large furnaces, whereas the makers of the 
highest grade of steel, who usually have smaller furnaces and a 
small number of units, use graphite. 

When Soderberg electrodes are used in steel furnaces, it is usual 
to have two sets of electrodes for each furnace, one of which is in 
use and the other, when removed from the furnace, is cooled and 
extended by 6 ft. or more, and the two sets are thus used alternately. 
The necessary plant for welding the plates, preparing and ramming 
the carbon paste, &c., is justified when several large furnaces are in 
operation, as in the case of many works in Sweden or the Alps, 
where electric furnaces are more economical than small open-hearth 
furnaces, but in works where there are only one or two furnaces the 
cost and maintenance of this equipment militate against the use of 
Soderberg electrodes. 
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In one works, where eight arc furnaces are in regular use, elec- 
trodes of 20 in. dia. are used, and a new furnace of 10,000 kVA. is 
being constructed with a removable roof and rotating hearth and 
Soderberg electrodes of 28 in. dia. The current-carrying capacity 
is greater than that of amorphous electrodes but less than that of 
graphite. There are many furnace users who prefer the large 
heating area obtainable with electrodes of great cross-section. With 
the Soderberg electrode there is a substantial reduction in electrode 
cost, but many steel melters prefer the convenience of the smaller 
graphite electrode. 

The general indications are that Europe will adopt more re- 
movable-roof furnaces, with or without rotating hearths, but that 
the size of units will continue to be up to 20 tons for cold working, 
and 30-40 tons for refining liquid steel, and there is little inclination 
to build furnaces of the large sizes that have been constructed 
in the United States. Revolutionary metallurgical methods 
seem more likely to increase outputs and reduce costs in the near 
future. 

The high-frequency furnace, a conception which was first devel- 
oped in the United States, has made exceptionally rapid progress 
in Europe, and, although this interesting method of steelmaking 
has been introduced only ten years, there must be more than 300 
furnaces in operation for commercial production, in addition to 
more than 200 small installations used for experimental and develop- 
ment work. 

The first steel furnaces were built in wooden boxes, and it is 
interesting to note that two such furnaces are still in regular pro- 
ductive operation after ten years of regular work. This method of 
construction was soon replaced by bronze frames with asbestos- 
cement boxes. As the furnaces grew larger, steel structures have 
become necessary, and these may be protected from inductive heat- 
ing either by laminated iron shields or by copper shields. The 
former method has been used in most European countries, other 
than Germany, where there has been a considerable development 
of large furnaces built with copper shields. The former is perhaps 
the strongest and most elegant solution of the difficulty of inductive 
heating, but is more liable to damage if metal breaks through. 
The latter, however, has the disadvantage of being much larger and 
the whole furnace structure is more bulky. 

The general construction of iron- and copper-shielded furnaces 
of 5-tons capacity is shown in Figs. 10 and 11. 

The capacity of furnaces generally varies from 500 to 18,000 lb. 
and the power from 100 to 1600 kW. It is necessary that these 
furnaces shall be charged to capacity, and the size of furnace body 
is therefore important. Consequently, in most works, several 
bodies of different sizes are installed, so that small orders, experi- 
mental heats and light castings, or larger production jobs can be 
economically done with various sizes of bodies operated from the same 
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electrical machinery, which constitutes the major investment in the 
lant. 

" There is also some difference of opinion as to the best size of 
furnace body to give the greatest output for a given machine. To 
examine this question, two bodies of 1 ton and 2 tons, respectively, 
were operated alternate weeks from the same 650-kW. generator, 
first on an hourly schedule, with a 1-ton furnace, and secondly on an 
approximately two-hourly schedule with the larger body. The 
latter method of working gave about 14% more output, owing to 
the saving in charging and casting time, and for many classes of 
steel the extra time in the furnace was considered advantageous. 

In exceptional cases, it has been found possible to cast large 
ingots where one machine and two bodies are available, by melting 
one charge and then the other, reheating the first and then pouring 
both lots of metal into a ladle. The loss of heat while waiting was 
found to be less than was anticipated, and this procedure can be 
adopted for making large individual ingots or for making composite 
lumps of two different qualities of steel. 

The majority of furnaces are used for simple melting operations, 
siliceous linings being used for tungsten and most alloy steels. 
Both acid and basic refractories are used for austenitic chromium- 
nickel alloys, and basic linings for manganese steels. Siliceous 
linings last from 60 to 300 heats, and in most countries patching is 
regularly used after 40-50 heats, the new material being fritted 
with steel-sheet cylinders in the usual way. 

Basic linings of magnesia and magnesia-alumina mixtures are 
in general and successful use for small furnaces of up to 2 tons, but 
difficulties are encountered in making successful basic linings for 
furnaces of 5-6 tons, though there is no doubt that great progress 
is being made in Great Britain with this difficult problem. The use 
of crucibles is completely superseded in favour of fritted linings of 
carefully prepared refractory grains. 

The removal of sulphur and phosphorus in induction furnaces 
has not been widely practised, because in most cases these furnaces 
are used for melting and alloying purposes only, but great progress 
has been made in what is now called “ quality refining,’’ which con- 
sists of maintaining the steel for a period under a suitable slag at 
the correct temperature to improve the physical characteristics of 
the steel when cast. The high-frequency furnace is excellent for 
this purpose, as there is no possibility of the local overheating 
which may occur when the arc is used as a source of heat. 

The designer of high-frequency furnaces has to compromise 
between the requirements of the metallurgist and the electrical 
engineer, and the problems involved are most interesting. The 
principle variables for a given size of furnace are the periodicity, 
power, voltage and cost. The movement of the metal depends 
on the first two, the difficulties of construction and cost of equipment 
depending largely on the voltage and periodicity used. 
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PLATE XXXVI. 


Fic. 5.—Large High-Frequency Furnace with Iron Shield. 
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PLATE XXXVII. 
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Three methods of construction of these furnaces are in common 
use, each designed to avoid excessive heating of the outer furnace 
shell or frame by induced currents : 


(a) The smaller furnace bodies made of non-magnetic metal 
frames, carefully insulated at the corners to avoid complete 
secondary circuits with panels of asbestos-cement as in Fig. 4. 

(b) Steel furnace bodies, in which there is a laminated iron 
shield between the inductor coil and steel structure. This 
construction gives a compact and strong furnace body, but one 
which may be rather expensive to repair if there is a breakout 
of steel. Such a furnace is shown in Fig. 5. 

(c) A steel furnace body protected from induced currents 
by a copper shield (see Fig. 6). This involves a much larger 
spacing between coil and furnace body and greater difficulty in 
designing a strong support for the coils. The furnace is larger 
and the spout longer, but the damage done by metal breaking 
through is slightly less than with the construction described in 
(b) above. 


The electrical characteristics of European furnaces vary slightly 
in different countries. In one installation on the Continent, the 
generators have a maximum rating of 1650 kW. at 3000 V., 600 
cycles, and are connected to four furnaces, one of 8 tons, one of 6 
tons and two of smaller capacity. The normal melting time of the 
6-ton furnace is just over 3} hr., and the energy consumption is 
about 670 kWh. per ton. This is the average of many heats, most 
of which were alloy steels. The 8-ton furnace has a normal melting 
time of 43 hr., and the energy consumption is about 680 kWh. per 
ton. 

Another large Continental equipment comprises a 4-ton and a 
73-ton furnace connected to a 1400-kW., 600 cycle alternator. 
The larger furnace is intended to deal with molten-metal charges. 

In these furnaces, the furnace is lined with copper and is 
supported in a skeleton framework of steel. The shell has a con- 
siderably larger diameter than the inductor coil and in fact there 
is sufficient room between the coil and the body for a man to climb 
down to repair the coil. This reduces the time for which the fur- 
nace would be out of service in the event of a breakdown, but has 
the disadvantage that it is more difficult to give rigid support to 
the coil. 

The inductor coils in these furnaces have in general a single 
conductor of hollow, square-section copper. The wall thickness is 
from 4 to 6 mm. 

In England two large equipments of 1500-kW. and 1250-kW. 
rating, respectively, may be described as typical of present British 
practice. 

One installation consists of two independent generators built 
in a single stator, each of 625 kW., 1125 cycles, 1500 V., driven by 
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a 6600-V., 1500 r.p.m. synchronous motor. By means of the switch 
gear installed, either two independent 1500-V., 625-kW. supplies 
or one 3000-V., 1250-kW. supply can be obtained. The condensers 
are arranged in the form of a 3-wire system to enable this to be done 
conveniently. 

There are now three furnaces, two of 5 tons and one of 2 tons 
capacity. The 2-ton furnace is rated at 625 kW., 1500 V. Working 
on alloy steels, the average melting time is 13-2 hr. and the energy 
consumption 580-600 kWh. per ton. 

The two 5-ton furnaces are connected with one another by means 
of a change-over switch and are frequently used for duplexing with 
an open-hearth furnace, the power rating under these conditions 
being 625 kW. For melting cold charges, the melting times are 
54-6hr. on 625 kW. or about 3} hr. on 1250 kW. 

Anotker installation consists of a 1500-kW., 2700-V., 1000-cycle 
generator connected to two 5-ton furnaces through a changeover 
switch. Only one furnace is operated at a time. These furnaces 
are chiefly used for stainless steels and are lined either acid or basic. 
The total melting time is from 3 to 4 hr., including a long quality 
refining period. The average energy consumption is about 600 
kWh. per ton or somewhat higher for some special steels. All these 
furnaces are of the steel-body, magnetically-screened type, and are 
very compact and efficient. 

The following record indicates a typical heat with a British 
iron-shielded 5-ton furnace making an austenitic stainless steel : 


Generator output . ; ; 1,500 kW., 2,700 V. normal rating. 
Weight of charge . : - 12,880 lb. 
Energy to melt : : - 3,206 kWh. 
Energy from melt to pour ; 384 kWh. 
Total energy . ; ; - 38,590 kWh. 
Energy per ton (2240 lb.) ° 625 kWh. 
Time. Volts. kw.(H.F.) 
7-42 2450 1400 
8-08 2890 700 
8-33 2700 800 
9-15 2700 850 
10-05 2700 1100 
10-53 2700 1300 
11-05 1400 265 
11-24 Off to tap 


There are many smaller furnaces of 300 to 1000 lb. capacity, 
rated at 150 or 200 kW., constructed of non-magnetic materials with 
insulated joints in the framework when necessary to prevent cir- 
culating currents. The normal voltage for these is 1200 V. and the 
frequency 2250 cycles. The energy consumption is about 650- 
700 kWh. per ton. The inductor coils, in general, for all sizes of 
furnaces in England, have a thicker wall of copper on the side 
nearest the metal, this being obtained either by soldering an addi- 
tional strip on to a copper tube or by a special extruded section 


CAMPBELL : ELECTRIC FURNACES IN EUROPEAN STEELWORKS. 315 P 


(see Fig. 12). The purpose of this is to give added security in the 
event of a lining failure allowing molten metal to come into contact 
with the coil. With a plain tubular coil explosions have occurred, 
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Fic. 11.—5-Ton Copper-shielded High-Frequency Furnace. 


due to the molten steel coming into contact with the cooling water, 
owing to short circuits or molten metal breaking through the linings. 

Many coils of complicated structure have been constructed to 
give higher electrical efficiency, but these have usually been aban- 
doned in favour of a simpler section which is required to withstand 
the rough usage inevitable when breaking out used linings. 

The question of safety in high-frequency induction furnaces has 
been given much anxious study, as a water-cooled copper coil 
operating at 3000 V. within 3 or 4 in. of 6 or 8 tons of molten steel 
presents a formidable problem. 

Although surprisingly little trouble has occurred, precautions 
are constantly being taken to reduce the risk and to enable still 
larger furnaces to be built. In the case of a 1600-kW. 
furnace, the coil carries approximately 16,000 kVA. 
at 3000 V., and to maintain proper insulation 
humidity must be avoided, and precautions are 
now taken to indicate the approach of any liquid 
metal to the coil. 

A further recent development in England is the 
installation of protective apparatus to give warning 
of contact between the charge and the inductor coil Fic. 12.—Coil 
in the event of a lining failure. This comprises a Section. 
device for electrically connecting the charge to earth __ 
and a relay system connected to the inductor coil, which cuts off 
the current and lights a warning lamp when the charge makes 
contact with any part of the coil. 
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This earthing of the charge has the additional advantage that it 
reduces the liability of the melter getting an electric shock from the 
charge. This is important with the large equipments where the 
voltage is 2500-3000 V. and parasitic voltages on the charge might 
otherwise exist to the danger of the furnace operator. 

On the question of the risk of electric shock, it is interesting to 
compare the practice in Great Britain and on the Continent. The 
standard British practice is to have a furnace top of insulating 
material, either firebrick or asbestos-cement board, and a working 
platform covered in timber. Moreover, all exposed steelwork in the 
near vicinity of the furnace is similarly covered. On the Continent no 
such precautions are taken, and one frequently encounters working 
platforms and furnace tops of bare steel. Wooden pokers and 
sometimes wooden shoes are relied on to give some protection. 

With regard to generating equipment, the homopolar type of 
generator is now almost exclusively used in Great Britain and 
France, although some of the recent Continental equipments have 
used the wound-rotor type where comparatively low frequencies 
(e.g., 600) are used. 

Particularly on the higher frequencies, the homopolar design is 
much superior, being much more robust. As has been proved by 
experience, the liability to breakdown is much less with the homo- 
polar than with the wound-rotor design, as there are no windings on 
the rotor and no wedges or insulating material that can easily 
loosen under mechanical vibration. 

Modern European equipments nearly always use naturally 
cooled condensers, although in some cases a cooling fan is installed. 
Whereas a few years ago condenser failures were common, conden- 
sers can now be relied upon to give good service. 

Control gear has advanced considerably, automatic control of 
the power and power factor being now often installed, particularly 
the latter. This enables the furnace operator to devote more of his 
time to the metallurgical control of the furnace. With an up-to-date 
installation, the furnace operator need visit the control panel only 
to switch the furnace on or off, or to alter the power. 

The arrangement of high-frequency furnaces in melting shops 
is shown in Figs. 7, 8 and 9. 

In all these cases, the shops have been designed for this type of 
furnace and the equipment has not been installed in a corner of a 
steelworks. which, unfortunately, is so often the fate of new types 
of equipment. 

The first illustration (Fig. 7) shows a light shop engaged in the 
manufacture of high-grade steels in furnaces of 200 to 3000 lb. 
capacity. The smallest is used for experimental heats and small 
orders for impatient customers, and the others for the production 
of forty to fifty qualities of special steels. Two motor-generator 
sets are installed about a hundred yards from the melting shop in 
a clean well-ventilated substation, the transmission of high-fre- 
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quency current presenting no difficulties with proper cable and cable- 
duct design. The smaller furnaces are of simple design without 
magnetic shields, the larger being provided with laminated-iron 
magnetic shields. The melting shop consists of two bays, one 
equipped with rail and road track, an overhead crane, and a large 
number of fixed and portable steel bunkers for the classification of 
various qualities of alloy-steel scrap and its storage in a dry build- 
ing. Great importance is attached to the careful storage and classi- 
fication of scrap, as great waste in this respect occurs in many badly 
managed works. 

The furnace tops are all flush with the platform, and this illus- 
tration shows the standard British practice of building high-fre- 
quency furnaces with insulated platforms, and no metallic part of 
the furnaces, connected to earth, is exposed. 

Fig. 8 shows a British shop equipped with larger furnaces, all of 
which are built with laminated iron shields. Here, again, the fur- 
nace tops are at platform level, and hydraulic tilting is used and 
designed to give a great range of tilting speed, forwards and back- 
wards, for special metallurgical operations and casting, either direct 
into ingot moulds or into a ladle. In this shop, a considerable 
tonnage of steel is made by the duplex process, basic open-hearth 
steel being very rapidly melted in a tilting furnace and transferred 
to the electric furnace for quality refining. 

At this works, two motor-generator sets, having an output of 
1250 kW., are installed in a separate power station, the energy being 
transmitted to the control panel on the furnace platform and to the 
condensers in a cellar below. Casting may be done direct into 
moulds on a carriage equipped with longitudinal and transverse 
mechanically controlled movements, or by the use of a ladle. A 
well-equipped shop for the storage, classification and weighing of 
scrap is adjacent to the melting shop, and all operations are carried 
out with scrupulous care and cleanness, the dust and dirt usually 
found in melting shops being conspicuous by their absence. 

Fig. 9 illustrates a recent installation of furnaces of German 
design rated at 6 and 8 tons with two smaller bodies of 1700 and 
330 lb., respectively, in an Italian works. The furnaces are built 
slightly above platform level, and a good deal of ironwork is ex- 
posed. The platform arrangements differ considerably from 
British practice, a removable platform being provided in front of 
the furnace, instead of placing the furnace spouts on the edge of the 
working platform over a casting pit, as shown in Fig. 8. 

In Europe it is generally considered that the furnace operator 
should be able to stand above his furnace, whether he steps up a few 
inches on to the furnace itself, as in Fig. 9, or stands on the working 
platform level, round the furnace, as in Fig. 8. The placing of 
furnaces a considerable height above platform level, as sometimes 
practised in the United States, has found no favour in Europe. The 
larger British furnaces being built with laminated iron shields are 
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- smaller than those with copper shields, and consequently the furnace 
top at platform level is more convenient than the German method of 
raising the furnace, which is more suitable to furnaces which are 
large enough to have a top plate of sufficient width for the furnace- 
men to stand on. 

It is interesting to note that there is comparatively little differ- 
ence in the power consumption between large and small furnaces, 
the usual figures varying from 600 to 800 kWh. per ton, according 
to the quality of steel manufactured or the metallurgical operation 
performed. 

The efficiency of modern high-frequency machines, especially 
of the homopolar type, is now so high and the electric furnace 
losses are so low that there is little hope of substantial improvement, 
and it is in the metallurgical field that there is much development 
work to be done. 

Considerable effort has been made in Europe to construct in- 
duction furnaces having violent and controlled movement in the 
bath. Large sums of money have been spent, but in many cases 
without a full understanding of the metallurgical problems, and, as 
a result, furnaces showing most interesting electrical phenomena 
have been built, and abandoned because no metallurgical advantages 
were established. 

Electrical forces can give heat and movement in a great variety 
of combinations, and a nice balance between these phenomena is 
necessary to get metallurgical results within the limits set by our 
inadequate knowledge about refractories. 

This field of investigation of simultaneous motion and heat 
control is full of possibilities, and our new knowledge of rapid metal- 
lurgical reaction by the mechanical mixing of slag and steel, without 
prejudice to the inclusion characteristics of the metal, points to 
great possibilities of furnaces operating in high- or low- or dual- 
frequency electrical fields. 


(This paper was discussed jointly with that by W. M. Farnsworth and E. R. Johnson on “‘ American 
Electric-: e Practice’’ at the Autumn Meeting in London on Wednesday, October 26, 1938. In 
order to avoid delay in the publication of the present volume, the discussion and author’s replies are 
held over until the No. I. volume of the Journal for 1939.) 
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AMERICAN SOAKING-PIT AND REHEATING- 
FURNACE DESIGN AND PRACTICE. 


By FREDERICK M. GILLIES anp EDWIN D. MARTIN 
(East Cuicaco, Inp1ana, U.S.A.). 


(Figs. 12 to 15 = Plates XLII. to XLV.) 


ABSTRAOT. 


Under the lash of the necessity for better quality of heating an 
accelerated activity has developed in the last ten years, yielding out- 
standing accomplishments in the design and practice relating to 
soaking pits and reheating furnaces in America. Varied forces have 
brought this about. Always linked with the requirements of quality 
have been requirements of economy. 

Rolling-mill operators in America came only gradually to a 
realisation that the quality of heating influences the quality of steel 
both in subsequent rolling and as a finished product. The cost of 
poor quality of heating is demonstrated. - Prevalent in America, wage 
payment based on the tonnage heated is a poor practice, while a charac- 
teristic deficiency is the designing of new mills with inadequate 
heating capacity. 

Advances in fuels, regenerators and recuperators, tightness of the 
furnace, control systems, refractories and heat-resisting alloys which 
have been made apply to both the classes of industrial furnaces 
distinguished in the title of this paper. 

An historical background to the development of soaking-pit design 
leads to a more detailed description and discussion of four distinct 
types, together with statistics compiled by the authors to give a cross- 
section of present equipment and practice in America. 

The development of furnaces for reheating is presented from older 
types through the advent of recuperators and the appreciation of a 
fundamental conflict in design, to the necessity for zoning the furnace 
and heating the bottom of the steel. This is followed by a description 
of the main types of modern reheating furnaces, of which the trend is 
definitely towards the continuous type. 

It is concluded that much of this development came from necessity 
caused by great progress in the manufacture of flat rolled products. 
The constantly increasing labour costs in America and the desire to 
decrease work that can be considered irksome combined with the 
other factors to cause the expenditure of no less than fifteen million 
dollars since 1934 on new equipment of the type described in this 


paper. 
INTRODUCTION. 
AFTER years of neglect in America, the lowly, flame-spouting or 
air-sucking soaking pit for heating ingots, and other reheating 
furnaces for blooms, billets and slabs for rolling, have had attention 
sharply focused upon them. Under the searchlights of enquiring 


1 Received June 14, 1938, 
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minds, a transformation has come about in the last ten years, which 
not only has made possible great savings in the specific operations of 
heating but, through better quality of heating, has also influenced 
the economy of succeeding operations and greatly improved the 
quality of the product sent to market by the steelmaker. It is an 
episode of absorbing interest in the romance of the modern applica- 
tion of science in a spectacular industry. 

What have been the forces which have brought this about ? 
Fundamentally, an increasing and inexorably continuous pressure 
has been exerted by the users of steel on the steelmaker for ever- 
improved quality and uniformity of product. This pressure and 
advances in metallurgical knowledge brought about a realisation of 
the prime importance of proper heating both on the characteristics 
of the steel in subsequent rolling and on its quality as a finished 
product. During the past depression attention was of necessity 
centred on low cost. Then came the requirement, on the rise to 
increased activity out of the depression, of greater capacity either 
through better utilisation of existing equipment or by the installation 
of new equipment. 

The efforts engendered by these forces were materially assisted 
by the rational or scientific approach in design. This approach 
applied thermodynamic theory in a practical way to the design of the 
furnace and to methods of control during its operation. Advances 
in the fields of high-temperature alloys and of refractories made 
possible greatly increased mechanisation, while developments in the 
greater control of combustion and of temperature distribution had a 
direct influence on the design of the furnace and led to greater 
economy and vastly better quality of heating. 

In fact, the major forces were emphasising quality, while good 
engineering and good operation required a design and practice that 
would improve economy. Quality and economy—those often 
opposing forces which must be driven as a team to market. 


Quality requires : 


(1) That heating be uniform and that a limiting upper 
temperature be not exceeded. 

(2) That heating be slow enough to avoid cracking by giving 
time enough for heat penetration so that large differences of 
temperature do not occur in the steel. 

(3) That heating be accomplished slowly and carefully 
through temperature ranges which are critical because of 
combinations of brittleness and low heat conductivity. 

(4) That the composition of the gases, or ‘‘ atmosphere,” 
be such as to control the degree and character of oxidation of 
the surface. 

(5) That the proper conditions be stable and easy to 
maintain. 
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(6) That the alteration of conditions to suit changing 
products be possible, 7.e., that there be flexibility of operation. 


Economy requires : 

(1) Good utilisation of the heat available in the fuel used 
(the kind of fuel being largely dictated by factors of availability 
and plant overall economy). 

(2) Low cost of labour and supervision. 

(3) Low cost of maintenance, depreciation and obsolescence. 

(4) High output per dollar of installation cost. 

(5) High production per unit of space occupied. 


To meet these requirements in a manner best suited to local 
conditions has been the aim in making recent installations of 
furnaces in America. 


Attitude of Rolling-Mill Operators. 


Open-hearth and converter operators had contended for years 
that many of their apparent shortcomings were in reality due to 
improper heating of the ingots in the soaking pits, which, they felt, 
left their departments quality-perfect. Among rolling-mill opera- 
tors, on the other hand, there was an organised opposition based on 
the feeling that, apart from an occasional burned corner which was 
obviously detrimental, once a steel ingot had been made properly, 
nothing they could do to it would alter the quality of the steel. This 
controversy was carried on in much the same manner as that between 
the blast-furnace operator and the coke-maker on the effect that 
various coke qualities have on the product of the blast-furnace. 

These opposing views could not both be right, and the findings 
in the search for the causes of defects in the rolling-mill product have 
converted the blooming-mill operator to the viewpoint that poor 
practice can affect steel quality in this operation—hence have come 
efforts to make improvements in this field. 


Cost of Poor Quality. 

During the war period much was learned in America about 
quality and the relation between quality and economy. During 
that period, bloom, billet and slab preparation or conditioning costs 
came into the limelight as never before. It was realised that the 
cost of conditioning could be very large in comparison with the cost 
of ingot heating. 

We may consider a normal ingot heating cost over the United 
States to-day to be in the vicinity of 35 cents per gross ton, taking 
into consideration the fuel cost, maintenance, and depreciation. 
Any physical condition that would throw this cost 50% out of line 
would add only 17-5 cents to the cost of heating ingots. However, 
the difference in conditioning costs of blooms, billets and slabs 
between quality heating and poor heating could easily amount to 

1938—ii ¥ 
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several dollars per ton. In addition there were potential difficulties 
with the customer due to shortcomings in the steel as the result of 
poor heating, which could pass through to the ultimate consumer 
unquestioned. 

It was this close dependance of economy on good quality which 
also helped to bring about the recent improvements in furnace 
design and heating practice. 


Value of Adequate Heating Capacity. 


In considering American practice it is only fair to reveal what 
might be called a characteristic deficiency. It has not been 
customary in America (with exceptions) to provide any steel-rolling 
unit with proper heating capacity. This is not because of incom- 
petent engineering, but is usually the result of rolling rates exceeding 
expectancy, and failure to design for variations in rolling rates. 

For example, a blooming mill provided with pit facilities for 
handling 90,000 tons of ingots per month must adequately heat 
1100 tons of ingots in one 8-hr. turn. The engineer at this point 
provides for space based on ingot sizes to be charged and a con- 
tinuous, uniformly spaced delivery of heats from the open-hearth. 
But in practice this uniform spacing does not occur; there are 
periods of bunched tappings in the open-hearth. At such times 
there is not sufficient space in the pits, consequently some of the 
heats must stand in the open and grow cold. This condition upsets 
the engineer’s calculations. 

The pit operators proceed to make up the deficiency by forcing 
the heats that have been standing in order to maintain the feed to 
the mill. The chance is great that improper heating will result. 
Attempting to avoid mill delays with irregular delivery from the 
open-hearth forces an unsuitable situation on the heater. The best 
way to avoid this difficulty and to assure the operator of equipment 
that is not conducive to poor quality is to provide excess capacity. 
What appears to be needless expenditure at the time of construction 
of a new mill, if spent, will pay liberal dividends in the future. 


Effect of Wrong Wage-Payment Method. 

-Another poor practice in America is the method of payment of 
the personnel controlling the heating facilities. The usual payment 
plan, based on tonnage produced, of those whose work may affect 
quality is often the cause of rejections. The heater who is anxious 
to “‘ come ahead ”’ with the border-line heat near the end of his turn 
often takes the chance in judgment that proves costly to his 
company. 


ADVANCES APPLYING TO BotH CLASSES OF FURNACE. 


Industrial furnaces for heating steel for rolling, which we are 
discussing, have been logically separated into two classes: Ingot 
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heating furnaces of the pit type, and other reheating furnaces. 
Many of the advances which have been made can be applied 
generally to furnaces of both these classes. 


Fuels. 

At present in America the following fuels are being used: Pro- 
ducer gas, natural gas, coke-oven gas, blast-furnace gas, fuel oil, tar, 
and combinations of these. Plants are normally guided in their 
choice of fuel by economy, and economy is usually based on avail- 
ability. Not all soaking pits work well on all fuels, and when 
selecting the design for a new installation of pits the available fuel 
must be considered. 

There is a diversity of ideas as to what calorific value a gas should 
have for proper soaking-pit firing. When gases are available for 
mixing, values ranging from 115 B.Th.U. to 225 B.Th.U. have been 
used. Mixing coke-oven gas or natural gas with blast-furnace gas 
to produce a gas of 140 B.Th.U. appears to be most popular. The 
practice of varying the calorific value of the fuel by changing the 
ratio of the gases mixed is also found, particularly when charging cold 
ingots. 

"te increasing popularity of the use of blast-furnace gas is evident. 
This fuel is now doing excellent work in several installations, and 
this is accomplished without excessive preheat temperatures. The 
problem of burning this gas is made more difficult by the necessity 
of complete tightness to avoid leakage, and in the past this has 
resulted in the abandonment of attempts. Further experimenta- 
tion with the use of metallic recuperators bids well to give satis- 
factory results. 

Producer gas has kept pace with its competitors through pro- 
gressive revisions in producer design and control. The majority of 
soaking-pit installations, particularly the older ones, work satis- 
factorily on this gas. Producer gas does present problems when 
used on modern recuperative pits, but advances in gas-making must 
still allow it to keep its place in American practice. 


Regenerators and Recuperators. 

To raise the temperature when burning lean fuels and to improve 
the economy by conserving some of the heat in the waste gases, 
regenerators or recuperators are used. These preheat the air for 
combustion or the gas, or both, by extracting heat from the waste 
gases. In regenerators this heat is stored in the refractory brick of 
the checkers during the passage of the waste gases and is then given 
over to the air or gas to be preheated when these are drawn or 
pushed through the checkers in a reverse direction; in recuperators 
the waste gases give up heat to a refractory wall which transmits it 
to the other side of the wall where it heats the incoming air or gas. 
The operation of regenerators must of necessity be in intermittent 
cycles of heating and cooling, whereas that of recuperators is con- 
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tinuous. These alternate periods of heating and cooling in the 
regenerator bring about recurrent movements due to expansion and 
contraction of the walls and checker brick, and these often lead to 
cracks through which the infiltration of air may occur. This makes 
the operation inefficient and precise control difficult. Attention has 
veered to recuperators in which these reversals of temperature do 
not exist and with which uniform control of preheat temperatures 
may be obtained. 

Recuperators of various types are in use. In some the exhaust 
gases flow through ducts across the field of the incoming air; in 
others the exhaust gases flow around ducts bringing in the air for 
combustion. The walls of recuperator passages have been con- 
structed of fireclay, which is most common, of metal and of silicon 
carbide or carborundum. Metallic recuperators, while certainly the 
most efficient in heat transfer, appear to have lost some of the 
favour that they enjoyed five or ten years ago. Earlier difficulties 
of disintegration with the silicon carbide recuperators seem to have 
been largely overcome by means of a sealing surface-treatment. 


Tightness of Furnace. 


An important improvement has been accomplished in the control 
of furnace operation and in efficiency in the use of fuel through 
constructions leading to greater tightness of the furnace. More 
recent furnaces have been completely encased in steel to obtain wall 
tightness, and closures for charging and removal openings have been 
designed which not only give a tighter seal but reduce the “ open ”’ 
time. 

In soaking-pit design one item which has always had attention 
but was never wholly conquered is that of a proper sealing cover. 
Many intricate arrangements have been designed to seal the pit 
cover properly, with varying degrees of success and usually with a 
high maintenance cost. Soaking pits in many of the newest installa- 
tions have a simple arrangement consisting of a cover which rests in 
a sand seal and is actuated for opening by a vertical lift and then 
lateral travel. The economies gained by this device make one 
wonder why this feature, which is independently applicable to any 
furnace design, has been so slow in coming into popular use. 

In reheating furnaces for blooms, billets and slabs greater tight- 
ness and less time open have also been attained by power-opened and 
quick-closing doors. 

The increasing use of insulation has been another factor contribut- 
ing to better tightness of the furnace and so has helped the other 
leak-prevention factors in making it possible to apply controls for 
automatic operation. 


Control Systems. 


Outstanding advances have been made in control instruments 
and in systems of control applying these instruments. Most 
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important by far of all developments of recent years, these have 
influenced the design of new furnaces and have made possible much 
better quality of heating as well as greatly improved economy even 
when applied to older furnaces. 

From several manufacturers there are now available control 
systems and their instruments of the indicating or completely 
automatic type. With proper design of the furnace, these permit 


(1) regulating the temperature by varying the gas or oil flow, (2) 


Alt Line 
Alr 
Fuel - Fuel Line 
Valve 























Recording 
Contro//ler 











Pr essure 
/ Contro/ler 
























Thermocouple — 








Fic. 1—Diagram of a Modern Control System Applied to a Soaking Pit. 


regulating the air-fuel ratio, (3) regulating the “ atmosphere ”’ 
surrounding the steel, (4) regulating the pressure of the gas or oil at 
the burners, (5) regulating the mixture of two or more gases, (6) 
regulating the rate at which fuel is being burned, (7) regulating the 
pressure in the furnace itself, and (8) making automatic reversals in 
furnaces of the regenerative type. No longer is heating at the mercy 
of the unaided and often unreliable judgment of the heater. 

Fig. 1 shows the application of a modern control system to a 


soaking pit. 
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Recording instruments now give a graphic record of conditions 
(see Fig. 2). They serve to make keener the responsibility of the 
few remaining workmen to be found about the furnaces and assist 
the metallurgists in setting a programme of operation adapted to the 
particular steel being heated. 


Stee/ Drawn 


Stee/ Charged Steel Charged 







Temperature °F 
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P.M. PM. P.M. PM. A.M. A.M A.M. A.M. A.M. A.M. 
Time. Hr. 


Fic. 2.—A Typical Recording Chart for showing the thermal condition of 
a Soaking Pit. 


Refractories. 

More important than the development of new refractories has 
been the great improvement in quality and uniformity of existing 
general types. First-quality fireclay brick are much superior to the 
product of only a few years ago sold under the same classification. 
The improvement in manufacturing methods with the application of 
controls regulating thermal treatments has helped to permit this 
advance in quality and uniformity of product. 

One result of this has been the possibility of using brick and 
special shapes of larger sizes. The increased section having been 
made possible by the greater uniformity in reaction of all parts of 
the refractory brick under stresses of heating and cooling, there are 
fewer pieces to handle in laying them, with resulting economy in 
labour. 

Increasing mechanisation in manufacturing has brought greater 
precision of dimensions, and this in turn has allowed more accurate 
laying and closer allowance for expansion, with resultant greater 
soundness and tightness of structure. 

Some points meriting mention are: The continued development 
of silicon-carbide refractories, particularly for recuperators; the 
development of superior silica brick; and the further development 
and increasing application of plastic refractories moulded in place. 

Chrome bricks have largely supplanted others for the bottoms of 
newer soaking pits and the top refractory of reheating-furnace 
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hearths. Some steelmakers have found an advantage in the use of 
silica brick in arches over regenerators. The superior resistance to 
spalling of refractories used in roof construction has noticeably 
reduced the difficulties of removing spalled material burnt into the 
upper surface of the steel being heated. 

In point of construction a rapidly spreading advance has been 
the use of the suspended arch instead of the sprung arch for roofs. 
This results in longer life and a cleaner roof, probably owing to the 
elimination of the stresses developed at the bases of the sprung arch 
and the decreased requirement of crushing strength so that local thin 
sections do not cause failure. 

Composite wall construction is increasing in application. Here, 
with the most refractory and usually the most expensive material 
inside, the aim is lower refractoriness but increasing insulating value 
in successive steps to the outside. 


Heat-Resisting Alloys. 

Our growing knowledge of the behaviour of metals and the 
attendant development of alloys to resist high temperatures and 
furnace gases has been one of the essential factors permitting the 
modern designs of continuous reheating furnaces. 


SOAKING Pits. 


As a general survey of current soaking-pit design and practice, 
the following data are interesting. In all, 848 pit holes in fourteen 
large American plants have entered the averages. The total ingot 
heating capacity represented by these pits is 62°% of the ingot heating 
capacity of the country. 

Of the 848 pit holes surveyed, 90-3% are of the reversing regenera- 
tive type, 6-2% are of the one-way-fired recuperative type, 2:1% 
are of the bottom-fired recuperative type, and 1-4% are of the 
circular tangentially-fired type. The average fuel consumption per 
ton of steel rolled in the blooming mills which they serve is 1,250,000 
B.Th.U. Out of thirty-one installations, ten burn straight by- 
product coke-oven gas, six use producer gas, five use blast-furnace and 
coke-oven gas mixed, four burn blast-furnace and natural gas mixed, 
two use oil, two burn blast-furnace gas straight, one burns a mixture 
of producer gas and coke-oven gas, while one uses natural gas 
straight. Of these pit furnaces, 116 are “fully automatically ” 
controlled, twenty-one have automatic draft regulation, and 
ninety-six regenerative pits are set up for automatically controlled 
reversals. 

The average life of these pits before rebuilding is 27-2 months. 
The average delivery time of ingots, from regular moulds, to these 
pitsis] hr.58min. Ofall the steel charged in this average American 
soaking pit, 8-2°%, is charged cold, 
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Historical Background of Soaking-Pit Development. 


Originally just a crude, heat-retaining firebrick-lined hole in the 
ground, the “ pit ’’ was for “ soaking ’’ the ingot or permitting the 
heat contained in the still molten steel in its interior to penetrate to 
the outer portions until the temperature of the entire ingot was 
reasonably uniform. Then with the aid of wall radiation and light 
firing, the ingots were rapidly brought into a satisfactory condition 
for rolling. 

Later years saw a gradual departure from this original pit. Metal- 
lurgical theories, together with large heats and slower delivery from 
the open-hearth departments, changed this soaking pit into an 
ingot-heating furnace—and still the same fundamental design 
served admirably in the new function. True, the increased firing in 
the pit complicated the problem of the pit operator, but this old 
equipment nevertheless remained surprisingly competent. 

Modern, improved furnaces of this same type are still the most 
favoured by far. In the data of the survey recently made, furnaces 
of this type originally installed from the year 1885 to and including 
1937 were represented. The Continent, Great Britain and America, 
all are very familiar with this furnace, which in its inception was 
functionally merely a “ soaking ”’ pit. 

The first extensive departure from the reversing regenerative pit 
came with the so-called one-way-fired recuperative pit, the first 
installation of which was made in 1927 and the last in 1937. Other 
fundamentally new designs appeared with the bottom-fired recupera- 
tive pit and the tangentially-fired circular pit. 


Current Soaking Pits. 
There are in general use in America to-day four designs : 


(1) The regular reversing regenerative type of pit (most 
recent installations by the Rust Furnace Co.). 

(2) The one-way-fired recuperative pit (as built by the 
Surface Combustion Co.). 

(3) The bottom-fired recuperative pit (built by the Amsler- 
Morton Co.). 

(4) The tangentially-fired circular pit (built by the Salem 
Engineering Co.). 


Reversing Regenerative Type of Pit. 

In this furnace combustion takes place in the ingot heating 
chamber itself. Regenerating chambers containing the checkers are 
located at each end. On one cycle, the waste gases pass through one 
of the regeneration chambers to heat the checkers while the other 
chamber is preheating combustibles as they pass through; on the 
next cycle, the functions of the two chambers are reversed. Periodic 
reversals in the direction of flow of the air and fuel gas and the 
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waste gases maintain the heat balance in steps. The preheated 
combustibles are hotter at the beginning of a new cycle than at its 
end, and the direction of the gases through the heating chamber itself 


| 








IB 


Fic. 3.—Vertical Section and Plan to illustrate the principles of the 
Regenerative Reversing Soaking Pit. 


is reversed periodically. In Fig. 3 are shown a diagrammatic vertical 
section and plan to illustrate the principal features of this type of pit. 
The direct impingement of the flame on the ingots being heated is 
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likely to bring about washing (breaking away of the oxide scale from 
the surface due to local overheating) if gas of too high a heat value is 
used. Trouble has been experienced in trying to burn coke-oven 
gas alone, so normal practice has been to mix a lean gas with this rich 
gas. For this purpose blast-furnace gas has been increasing in 
popularity, and there is promise of its still greater use in the future. 

To permit the efficient use of low-heat-value fuels, regenerative 
chambers have been enlarged and checker designs improved. 

The most modern furnaces of this type are equipped with sealing 
covers, on the movement of which the draught and fuel shut-off are 
automatically controlled. 

The usual design of some years ago was a battery of four holes 
with common flues for gas and air supply and a common stack. for 
exhaust. Each hole was controlled by the separate regulation of 
valves and’ so was considered to be independently operated; but 
independent operation was not completely attained, and in recent 
installations each hole has been made completely independent in 
regard to reversals and air and fuel supply. 

The result of these improvements has been to permit the reversing 
regenerative type of pit to hold its own against newer designs to 
which current engineering has been trending. This type of pit will be 
heating ingots produced in American open-hearth departments for 
many years to come. 


The One-Way-Fired Recuperative Pit. 

In the development of this type of pit, the aim was to eliminate 
two of the serious drawbacks of the type of pit just discussed : 
Irregularity of heating with consequent temperature differences 
which were destructive to the furnace heating chamber and checker 
chambers, and the difficulty of local temperature control due to the 
use of the heating space as a combustion space with consequent 
direct flame impingement on the ingots. The first drawback of the 
older type of pit was met by using recuperators for preheating the 
air, and the second drawback was largely overcome by firing high in 
a deep heating chamber where the ingot tops were out of the path of 
combustion. The waste gases were exhausted on the same side from 
which the pit was fired at a point near the bottom. 

The diagrammatic outline shown in Fig. 4 will give a good idea of 
the principle of construction of the one-way-fired recuperative pit. 

The new pit gained favour immediately. The resultant quality 
heating and elimination of reversing mechanism induced many 
installations. This pit, with its independent combustion space, had 
another advantage in that high-heat-value fuels, which were not 
considered suitable for the reversing regenerative type, could be used 
in conjunction with high-temperature preheating of the air for 
combustion, with a consequent increase in the thermal efficiency and 
with no detriment to the quality of heating. This type of pit also 
gained the advantage of being the first to be supplied with control 








AMERICAN SOAKING PITS AND REHEATING FURNACES. 331 P 


equipment. The much improved results thus obtained again scored 
decisively for it. 
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Fic. 4.—Section and Plan View of a One-Way Recuperative Soaking Pit. 





A modification of the one-way-fired recuperative pit has made 
its appearance in one American steel plant. It might be referred 
to as the ‘‘ two-way-fired recuperative pit’’ in that firing is 
accomplished simultaneously from two sides. There are a burner 
and a flue in each of two opposing walls, not directly opposite one 
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another, but positioned to obtain an efficient heat distribution at 
varying firing rates. In this installation oil is burned for fuel and 
the air for combustion is preheated in recuperators to 800° F. 

The one-way-fired recuperative pit was not only a distinct 
engineering advance in ingot-heating furnaces of itself; it also 
stimulated engineering on the subject in general. The successful 
introduction of the recuperator in conjunction with these pits 
started minds working and helped to bring about much of the 
development in the years to follow. 


The Bottom-Fired Recuperative Pit. 


One of the most recent developments in ingot-heating furnaces is 
the rectangular pit fired from a central point in the bottom by one 
burner and exhausting the waste gases through four exit ports in the 
lower parts of the walls. The ingots are placed in the area surround- 
ing the burner opening in the centre and far enough back to allow 
a fair-sized space as a combustion chamber. There the rising com- 
bustibles strike the cover and are turned back along the walls into 
the area where the ingots stand. The exhaust gases pass through 
four tile recuperators of an advanced design in a vertically downward 
direction, while the incoming air is passed horizontally and upwards 
in successive passes around the vertical tubes. Unusually high 
preheat temperatures may be obtained with this recuperator. 

The disposition of the heating chamber and the recuperators is 
shown in the skeleton drawings of Fig. 5. 

While the principle of design employed in this pit is not novel, its 
adaptation to ingot heating is only three years old and its rapid 
attainment of popularity because of successful operation demands a 
thorough discussion. 

The combustibles enter at low velocity from a single central firing 
point on the bottom and rise with a high degree of turbulence in the 
unobstructed combustion space surrounded by the ingots. Expan- 
sion of the gases and convection currents after mushrooming from 
the roof effect a most desirable heat distribution. Radiation from 
the walls, top and bottom of the chamber combines with the higher 
flame temperature in the central combustion space to obtain an 
unusually uniform heating of the ingots. What degree of recircula- 
tion of the hot products of combustion exists in this furnace can only 
be guessed at. It must be great, however, judging by the amazingly 
low fuel rates that have been recorded in installations of this type of 
furnace. 

This design of pit has been found to be well adapted to all gas 
fuels. Owing to the high preheat temperatures possible for the air 
for combustion, temperatures of from 1600° to 1800° F. having been 
obtained, it is well planned for the use of straight blast-furnace gas. 
One of the most recent installations operating on this fuel has shown 
a consumption of 1,700,000 B.Th.U. per ton when heating cold 
ingots. 
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Another advantage of this design is the permissible increase in 
size without accompanying loss in efficiency or increased bottom- 
making troubles. The most recent installation is of holes 16 ft. by 
15 ft., accommodating a charge of over 100 gross tons. This has 
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Fic. 5.—The Bottom-Fired Recuperative Soaking Pit shown in section and 
plan. 


definite advantages from an investment standpoint because of the 
spreading of the control equipment and necessary accessories 
over a greater tonnage. 

This type of pit, with full automatic control and sealing covers, 
makes a highly efficient and satisfactory installation. The fact that 
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one pit of this design installed in 1936 led the way for the installation 
of 37 pits in the ensuing year bespeaks the judgment of the many 
well-qualified engineering minds that have investigated its merits. 
The low fuel-consumption figures shown on all installations of this 
type plus the good quality of heating and other economies recom- 
mend this bottom-fired recuperative pit to the consideration of 
anyone wanting good, economical ingot heating. 


The Tangentially-Fired Circular Pit. 


The last type of ingot-heating furnace that merits description is 
the so-called tangentially-fired circular pit, of which a plan and 
sectional view are given in Fig. 6. It consists of a circular furnace 
completely encased in steel—as are the modern rectangular pits 
also—and fired tangentially at even intervals around the circum- 
ference in a plane near the base of the ingots. 

The burners are placed at an angle of 374° from the radii and fire 
into an inner refractory bridge wall which prevents direct flame 
impingement on the ingots. Here the multiple and small burners 
ensure against the localised high temperatures often resulting from 
the use of a smaller number of burners. The ingots are placed about 
a central exit port sufficient in size to exhaust the waste gases 
properly. The circular wall is tapered back to increase the inside 
diameter at the point of firing. 

Installations of these furnaces to date have been without 
recuperators and with low stacks sufficient only to rid the nearby 
atmosphere of undesirable fumes. 

The tangential firing produces a whirling action about the outer 
periphery of the chamber which, because of centrifugal force, gives 
a most thorough mixing action. The hotter, and therefore lighter, 
gases entering into the combustion space near the walls are forced 
into admixture with the cooler and heavier products of combustion 
which are being thrust towards the outer wall because of the whirling 
motion. This results in steady conditions and assured recirculation 
while preventing contact of the hotter gases with the ingots. The 
whirling action is lost as the gases pass from the outer wall to the 
exhaust port in the centre of the bottom. This ensures uniform 
distribution and good bathing of the steel by gases at high velocity, 
which increase the rate of heat transfer, while there is certainty of a 
uniformly maintained radiant wall temperature. 

At low firing rates the flame still emanating from the burners 
prevents a drop in wall temperature, and this, it is felt, plays an 
important part in the ability of this design to heat charges of cold 
ingots consecutively without losing efficiency. The centrifugal 
motion of the gases also builds up forces which naturally oppose air 
infiltration. 

The points claimed by the designers of this pit are : The maximum 
furnace area which can be enclosed by a wall; equal adaptability to 
any fuel (but for fuels of lower calorific value a recuperator must be 





and 
rap 


this 





a ain 


AMERICAN SOAKING PITS AND REHEATING FURNACES. 335P 


added to obtain a properly preheated air supply—a recent design 
preheats both the air and blast-furnace gas); the use of a number 
of small burners, which facilitates more intimate mixing of the fuel 























Fic. 6.—Plan and Sectional Views of the Tangentially-Fired Circular 
Soaking Pit. 


and air, with resultant uniformity of flame temperatures; and the 
rapid heating of cold ingots without dampening the pit. 

There are in America at the present time twelve installations of 
this design. All are without recuperators and all are reported to be 
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performing satisfactorily from the standpoint of quality heating. 
They show a suprisingly low fuel consumption, considering that no 
preheated air is being used. 

This pit has employed a dome type of sealing cover, as pictured 
in Fig. 13. These covers are handled by a crane which traverses the 
length of a battery and services several holes. 

Full automatic control has been well applied to these pits. 
Temperature, pressure and fuel-air ratio controls are used. The 
damper and fuel controls may be interlocked with the cover move- 
ments. These controls, supplemented by the usual recording 
charts, which give a lasting record of the pit treatment of charges, 
produce a most satisfactory working result. 

In the advantage of being able to construct larger pits of this 
design and still be certain of good, uniform heating, it compares 
favourably with the bottom-fired recuperative pit previously 
described. 

It is felt that the addition of recuperators or waste-heat boilers to 
an installation of these pits will greatly improve the overall efficiency, 
but that this type without them will perform equally as well in 
respect to quality of heating as any of the most modern types of pit 
furnace in service. 


Some Conclusions. 


This concludes the description of soaking-pit designs in prominent 
use in America to-day. Each of these types is doing work much 
superior to that accomplished a decade ago. Perhaps the applica- 
tion of controls to all types is the most important improvement. 
Certainly it has taken the greater portion of the pit operation away 
from the hands of varying judgment and ability and placed it in the 
care of scientific instruments. The total result of the improvements 
is lower finished steel conditioning costs and greater fuel economy 
with all-round better blooming-mill operation. 

The fact that all of these types are still in popular use indicates 
one of three things: (1) The fundamental design of all types is 
adequate, provided that they are supplemented with modern 
accessories; (2) space restrictions in applications of new pits to old 
mills prevent the use of later progressive designs; or, (3) American 
steel operators think long and seriously before being willing to launch 
forth into any new and untried field. 


REHEATING FURNACES. 


The function of the reheating furnace is to raise the temperature 
of the billets, blooms, slabs, bars or packs to a temperature which is 
uniform throughout and proper for rolling. This job is perhaps more 
particular than that of the ingot heating furnaces, because there are 
few products which can be correctively conditioned after they have 
finally come through the last pass. 
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- History of Development of Furnaces for Reheating. 


The last fifteen years have altered somewhat the job assigned to 
the reheating furnace. Prior to the present era of exacting quality 
requirements, when the main requisites of the rolling-mill operator 
were to maintain his plant in top mechanical condition, to avoid 
delays and hold to highest operating rates, and before under- 
graduates in universities were immersed in an atmosphere of metal- 
lurgical study, and, again, prior to the extensive heat-treatment 
days and stream-lined automobile bodies, the function of the reheat- 
ing furnaces was: To take the product of the blooming mill, sheared 
to the weight necessary to produce a certain section and length, and 
to raise its temperature to that which was satisfactory for the mill 
it was supplying. In the quantity rolled, the saving of heat by a 
quick transfer compensated for the losses in later rejections made by 
inspectors in the finishing ends. 

The smaller mills, which normally were not linked so closely to 
the prime rolling units, took the blooming mill product when 
demand allowed the blooming mill to roll for them. This worked out 
satisfactorily, because the problem of reheating cold, smaller sections 
of billets was not nearly so great as that of bringing the larger blooms 
and slabs up to rolling temperature from the cold condition. 


In-and-Out or Side-Door Type of Furnace and the Single-Chambered, 
End-Fired Continuous Type of Furnace. 


To do this work of reheating, the normal equipment employed for 
the heavy rolling units was the in-and-out or side-door type of 
regenerative furnace, served by one type or another of charging and 
drawing cranes, while the single-chambered, end-fired continuous 
furnace was used for heating cold steel. The mill served by the 
latter type of furnace normally rolled the heated units at higher 
rates. Therefore the method of charging a quantity of units at one 
time and then making them progress through a furnace by pushers, 
kept pace with the mills with a minimum of labour and equipment. 
These furnaces were of a regenerative type. Some early attempts at 
recuperation were made, but these were failures because of in- 
sufficient advance in engineering. As a result, often no method of 
preheating the air was used. Both of these types were normally 
fired with producer gas. 

For years, except for some experimental work on the effect of 
varying roof contours and combustion-chamber lengths as well as the 
simplification of reversing mechanism, not much change took place 
in this field. 


Advent of the Recuperator. 


Engineering minds, still anxious for fuel economy, were not 
satisfied with the efficiencies of these furnaces. This field was 
worked in until a definite step in progress was made with the advent 
1938—ii Z 
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of a well designed recuperator. Continuous furnaces usually had 
double regenerating chambers built integrally with the furnace. 
Although the design of furnace and foundation looked workmanlike, 
the capacity of the regenerators did not allow sufficient preheating 
for efficient combustion and the rev ersing cycles produced a non- 
uniform heating condition. 


Conflicts In Design. 


The recuperator gave a start, and good fuel economy was on its 
way; but then arose an observation which opposed this trend. 
Efficient combustion with high preheats produces a short flame, 
while the very design of the continuous furnace required an elongated 
flame to start heating the steel early enough in its travel so that the 
temperature rise would be gradual. High temperatures localised at 
either the entrance or the discharge ends could not accomplish the 
proper heating of the steel. It thus became apparent that the 
continuous furnace as then built had its limitations in fuel economy. 

In the single-chambered, end-fired continuous furnace, the 
long flame from low air preheats picked up the steel and furnace 
temperature at the entering end of the furnace, but it also carried 
incompletely burned gases to the stack. High-temperature air 
preheats gave short flames with localised high temperatures along 
with efficient combustion, but did not permit an early and uniform 
increase in the temperature of the steel on its journey towards the 
discharge end. Later designs have had moderate preheats and 
slower combustion as a result of the realisation that a compromise 
had to be made. 


Limitations of the In-and-Out Type of Furnace. 


Concurrently with this development in thought, mill operators 
realised that there were limitations to what could be expected of the 
in-and-out type of furnace heating steel for higher rolling speeds. 
With advancing wage rates, the attendant labour cost was becoming 
a factor of increasing importance. At faster rolling rates, the advan- 
tage in hearth area efficiency of the continuous as compared with the 
in-and-out regenerative type of furnace was attractive, as was the 
greater ease of charging and drawing. Since there were also invest- 
ment economies, builders of new mills began to specify the continuous 
type almost exclusively. 


The Necessity for Zoning Became Apparent. 


However, the reheating of steel with larger sections in the single- 
chambered, end-fired continuous furnace presented greater problems 
than the heating of the smaller billets, and the proponents of con- 
tinuous furnaces for all types of reheating had to defend their 
position. 

The firing of a single chamber with one row of burners or an 
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inlet for the combustibles in the end wall (see Fig. 7) appeared 
unable to do the work properly. The short impinging flame gave 
harsh treatment to the steel when it was in a condition which made 
it particularly susceptible to damage. Then, too, while the top of 




















Fic. 7.—Sectional View of a Representative Single-Chambered Continuous 
Furnace in general use in merchant mills and rod mills. 


the steel was brought to a high temperature, the bottom sides on 
thick sections were cold, because the bottom of the furnace was 
shielded by the bed of steel from radiant energy coming from the 
flames and heated roof. It was the rate of heat transfer through 
the section of the steel itself which controlled the condition on 
the under-side. 

The steel heated in these furnaces was usually pushed over 
water-cooled skids and then directly on the hearth within 10-15 ft. 
of the discharge end. The reason for placing the steel directly on 
the hearth was, of course, to equalise the temperature at those points 
where the steel had been supported by the water-cooled skids. The 
heat for accomplishing this still had to come by transfer through the 
section of the steel, and on larger sections this method of heating was 
deficient. The result was inequalities of temperature from top to 
bottom, and this, needless to say, presented great problems in shape 
rolling and in some flat rolling. 


Heating the Bottom. 


The natural step to improve this condition was to add burners at 
the back of the hearth, firing from below to heat the underside of the 
steel. Thus, by the transfer of heat both as radiant energy and as 
sensible heat contained in the gases then bathing the steel from 























Fic. 8.—Sectional View of an Open-Bottom Single-Chambered Continuous 
Furnace which places the flame under and over the bed of steel. 


below as well as above, the steel was heated from both sides (see Fig. 
8). This improved the hearth condition greatly. Another means of 
accomplishing this was to remove the hearth completely and carry 
the water-cooled skids all the way through the furnace. In this case, 
the flame was directed so that it split over the oncoming bed of steel. 
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Heavy firing on thick sections produced a certain amount of scale 
fusing, and the accumulation of cinder made the maintenance of a 
level hearth next to impossible. With the hearth removed, this 
cinder was dropped through and allowed to accumulate in the 
bottom, whence it could be retrieved. In spite of the skid 
marks which still remained on the bottom of the steel, improved 
heating of heavier sections was obtained and the ability to maintain 
steady operation was accomplished. 

The skid mark was battled with in many ways, for it still remained 
the blight of this type of furnace. Attempts to make the skid marks 
less severe by offsetting the line of supporting skid pipes when near- 
ing the discharge end helped in some degree. Heat-resisting alloy 
shoes were added to the tops of the skids, with fair effect but little 
durability. However, single-chamber continuous furnaces operated 
under both conditions reasonably well, and many remain in service 
to-day in this condition. 

The transition of furnaces for heating heavier blooms and slabs 
from the in-and-out type to the continuous type has not caused a 
rush for adoption by all manufacturers. A recent survey of the 
reheating equipment in the thirty larger plants in America showed 
142 of the hearth-type in-and-out furnace with regenerators still in 
service, and the year 1937 saw nine of this type newly constructed. 
Three of these replaced the continuous type. 


Continuous Billet Heating Furnaces. 


Single-Chamber Continuous Type. 


The continuous billet heating furnace in America has experienced 
relatively little change. The single-chambered type is still the most 
popular, with or without regenerators or recuperators. Few are 
preheating the air for combustion to over 550° F. Changes have 
been made in the width of furnace to accommodate a longer billet. 


Continuous Two-Zone Type of Furnace. 


In the year 1928 a novel design of continuous type of furnace 
was introduced to the American steelmakers. This type became 
generally known as the two-zone type, since it added one more firing 
zone to the well-known single-chamber type. The ideas incorporated 
here were the use of the main body of the furnace for top- and 
bottom-firing and the addition of another chamber, known as the 
holding or soaking zone, where the temperature inequalities induced 
by surface heating in the main chamber could be equalised. The 
steel progressed in this furnace on water-cooled skids to a hearth near 
the exit end in the holding zone. This zone was fired from the for- 
ward wall or from the rear wall by burners placed high up in the 
chamber. Great dependence was placed on radiant heat energy to 
maintain proper heating conditions in this zone. Here the steel 
rested and approached a degree of uniform heating which was equal 
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to the best previously achieved on small billets in the single-chamber 
type of furnace. 


Continuous Slab-Heating Furnaces for Modern Wide Strip Mills. 


The advent of the wide continuous strip mill was a boon to this 
triple-fired, two-zone continuous type of furnace. The require- 
ments of the products of these mills meant that slabs must, be 
reconditioned before further rolling and therefore had to be charged 
cold. Gauge variation being an item of great importance, exacting 
uniformity of temperature was required. Properly controlled grain 
structures in the rolled steel also depended on the finishing tempera- 
tures, which are largely the result of the initial slab temperature. 
The timing of steel units to the mill and the total tonnage rolled also 
presented problems of considerable difficulty to the furnace designer. 
This furnace type, which serves all but two of the wide strip mills in 
America to-day, met the requirements of temperature and uniformity 
of heat distribution in the slabs. 


Description of Triple-Fired, Two-Zone Continuous-Type Furnace. 


The facts that this furnace is one of the most recent develop- 
ments in the furnace engineering field and that it already heats such 
a large tonnage of steel, demand a more detailed description of this 
type of reheating furnace. The description will refer to Fig. 9, which 
is a sectional view of the so-called triple-fired, two-zone type of 
furnace. 














Fic. 9.—Sectional Representation of the Triple-Fired, Two-Zone 
Continuous Furnace. Arrows indicate points of firing. 


General Construction.—The overall dimensions of these furnaces, 
which in design are quite standard and are rated at 50 long tons 
per hr., are approximately 21 ft. wide by 82-85 ft. in length, resulting 
in an effective interior area for steel heating of 18 ft. by 75-78 ft. 
The entire furnace, except the roof, is bonded in a steel jacket and 
heavily buckstayed. The roof is of the suspended type and the arch 
line follows the loss of heat in the furnace gases. In the discharge end 
of the main heating zone the arch is high, and tapers off to a knuckle 
or restriction to ensure turbulence and then to a lower point towards 
the charging end as the gases lose their heat with consequent decrease 
in volume. 

Method of Firing.—As is shown in the sectional diagram and as 
previously described, there are two chambers. The heating chamber 
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is usually fired by six burners above and six below the slabs, and the 
soaking zone from a point over the slabs by eight burners. 

Refractories.—The side and end walls are normally constructed of 
first-quality firebrick, 134 in. thick, backed up by 44 in. of insulation. 
The soaking hearth is normally about 27 in. thick, and is made up of 
41 in. of plastic chrome refractory, 13 in. of firebrick, 44 in. of insula- 
ting brick and 5 in. of (3 concrete or the equivalent. The bottom of 
the furnace in the under-fired chamber is normally constructed 174 
in. thick, made up of 7} in. of first-quality firebrick, 5 in. of second- 
quality firebrick, 2} in. of insulating brick and 2} in. of C3 cement. 
All waste-gas downtakes from the furnace to the recuperator are 
faced with first-quality firebrick, backed up with second-grade 
firebrick. 

Flow of the Gases and Preheating of the Air.—The furnace gases 
flow towards the charging end and go down flues on either side of 
the furnace to a common header and thence into a recuperator 
built integrally with the furnace. Practically all these furnaces 
which are in use to-day are preheating the air with a tile or 
silicon-carbide recuperator built integrally with the furnace setting. 
The normal temperature of the air supplied to the burner in these 
installations is from 700° to 800° F. All fuels are used at one 
place or another; with the lower-heat-value fuels the air for com- 
bustion is preheated to a higher temperature. 

Skid Pipes.—Skid pipes in these furnaces are made of extra heavy 
steel tubing and are water-cooled. The skids are normally supported 
by piers in the main heating zone and on water-cooled cross pipes 
in the cooler portion towards the charging end. 

A recent development in localities where the water is high in 
carbonates is the insulation of the skid pipes. This has not only 
prevented scale deposits within the pipe but has also resulted in a 
considerable saving in fuel. Plastic insulation held in place by studs 
welded to the pipe exterior made this feasible. 

Doors.—Doors on both the charging end and the discharge end 
guarantee a minimum of air infiltration. They are actuated in 
conjunction with the pusher movements propelling the steel through 
the furnace. These doors are of cast iron lined with brick and are 
built in two or more sections to cover the opening. 

Special Features of Construction.—The zone construction has 
presented the mason with some problems. The nose under the over- 
firing burners in the heating zone is maintained by air-cooled castings, 
and over the discharge opening water-cooled lintels are provided to 
support the burner walls above. Experience on the earlier designs of 
this furnace proved the necessity for independent support of the end 
discharge doors and actuating mechanism; constant opening and 
closing of these doors made a problem of the maintenance of the 
walls and arch. 

In common with modern soaking pits, these furnaces are well 
adapted to modern instrument control of the air-fuel ratio, tempera- 
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ture control and draught control. These instruments play the same 
important part here as they do with soaking pits. The fuel consump- 
tion of furnaces of this type operating continuously varies between 
1,500,000 B.Th.U. and 2,000,000 B.Th.U. per ton, depending on the 
fuel and the thickness of the slab being treated. 

Practice has brought out some difficulties with this type of 
furnace which are not the fault of the furnace so much as they are of 
the methods of operation. The heating of over 80,000 tons of slabs 
per month on an installation of three of these furnaces supplying one 
strip mill means that at many times these furnaces are being extended 
well beyond their rated capacity. At such times, firing is forced in 
the main chamber and cinder accumulates on the hearth, requiring 
delays for cleaning and a most irksome labour assignment. 


Four-Point-Fired, Three-Zone Continuous Type of Furnace. 


A recent design on a strip mill, not in operation yet, goes further 
with the zone design and has added still another zone to the furnace 

















Fic. 10.—Sectional Representation of the Four-Point-Fired, Three-Zone 
Continuous Furnace, which has been built but not operated. 


(Fig. 10), which it is hoped will give more flexibility at varying 
operating rates and will give a better balanced application of fuels. 

Although furnaces of the type described above have been recently 
installed in finishing mills using semi-finished sections of the smaller 
dimensions, the single-chamber design is on the whole predominant. 
An application of this design is shown in section in Fig. 11. This 

















Fic. 11.—Sectional View of a Modern Single-Chambered Continuous 
Furnace, which heats with unusually good fuel economy. 


furnace can be well controlled and is very economical. The 
suspended-roof principle, applied here, permits the charging of 
longer billet lengths, which not only favours the mill producing the 
billet, but is advantageous to the mill being supplied. The principle 
of over-firing the horizontal portion of the furnace at the discharge 
end has much the same value as the holding or soaking area provides 
in the zone type of furnace. Radiant heat transfer from an in- 
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candescent flame, with no impingement, allows temperature equalisa- 
tion prior to discharge and a minimum of hearth troubles. The 
employment of an unusually thick hearth, 5 ft. at this point, does 
much to retain the heat in the hearth and plays an important réle. 
In the past this item has been too much neglected in all types of 
continuous furnaces. Provisions for thick hearths will pay excellent 
returns. 

These furnaces slope upwards at an angle of 6° from the horizontal 
from a point at the back of the hearth, and the heat application in 
this area is not unlike that in the main chamber of the zone type, 
where direct impingement is relied upon to do the heavy work at a 
point where the steel can stand it. This type of furnace, with burners 
spaced close enough together on the firing wall to guarantee a good 
overlapping of the flame and a degree of turbulence, plus a low preheat 
of about 500° F., has been known to heat 2}-in. squares regularly 
for a period of 24 hr. at 58 tons per hr., with a fuel consumption of 
1,250,000-1,500,000 B.Th.U., depending upon the product rolled. 


Rod- and Merchant-Mill Furnaces. 


On the whole, because the driving force of necessity did not exist, 
there has been little change in rod- or merchant-mill furnaces in 
America in recent years. Few of these furnaces have been equipped 
with automatic controls, and not a great number have been fitted 
with any method of air preheating. In many cases the rebuilding 
or original building of the furnaces has been done by the mills 
themselves, and the local changes of roof contours and hearth 
arrangements have not been at all radical. Suspended-arch roofs 
have been the main progressive feature. This roof, because of its 
independent support, has decreased the wall and other structural 
movement and so has allowed the effective use of insulation and has 
decreased air infiltration with its resultant heat losses. The side 
charge and discharge, which is almost universally used, has also been 
a helpful aid in conserving heat. 

A study of thirty odd installations of this kind gives a resultant 
average fuel practice of from 1,500,000 B.Th.U. to 3,500,000 B.Th.U. 
per ton of product, which clearly indicates that there is room for 
improvements in this field. 


Seamless-Tube (Piercing) Mill Furnaces. 


Before continuing to the furnaces for reheating lighter-gauge 
materials for sheet mills, mention should be made of the most recent 
installation of reheating furnaces for seamless-tube mills. This 
installation is a departure from the old single-chamber inclined- 
hearth type with side charge and discharge, where the rounds were 
moved forward in the furnace by a combination of gravity and 
manual labour. Uniform temperature is of the utmost importance 
in guaranteeing uniform wall thickness. The new furnace is a 








Puate XLII. 








A Typical Control Panel for a Soaking Pit. 
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triple-fired, zone type using horizontal water-cooled skids as a 
walking beam method of conveying the rounds through the main 
heating zone. The skids are insulated as mentioned in the previous 
discussion on slab furnaces. 

After being conveyed through 60 ft. of heating zone the rounds 
move on to a sloping hearth 20 ft. long in the soaking zone, where they 
roll forward as each round is pushed out of the discharge trough to 
the mill. 

These furnaces are designed to handle rounds from 5} in. in dia. to 
10} in. in dia., varying in length from 8 ft. 9 in. to 16 ft. The 
capacity rating is 50 gross tons per hr. Automatic combustion and 
automatic temperature control are provided for all zones. The 
newness of this installation does not permit the statement of an 
average fuel consumption over an extended period, but experience to 
date, firing natural gas on the under-side in the main chamber and 
producer gas on top in the main chamber and in the soaking zone, 
indicates that a figure of 2,000,000 B.Th.U. per ton can be expected. 
Recuperators, located independently of the furnace setting, are used 
to preheat the air to 750° F. The economies realised and the 
uniformity in heating obtained in this new installation will un- 
doubtedly bring about the installation of more furnaces of this type 
in this field. 

Pack and Pair Furnaces. 
Old Type. 

A considerable number of sheet and tin mills still operate with the 
old-style pair and sheet furnaces. Here the chambers of the pair 
and sheet sections were divided by a wall, with the firing taking 
place in the pair chamber and the products of combustion passing 
over the wall into the sheet chamber. The widespread use and the 
age of this design make a detailed description entirely unnecessary. 


New Continuous Types. 

The new furnaces for this duty are a distinct departure and 
command description in a discussion of modern American reheating 
furnaces. They are of a continuous type with a heating chamber 
which is rectangular in plan and section. In general there are three 
main classifications, based on the means by which the pairs or sheet 
packs are conveyed through the furnace. 

Continuous-Conveyor T'ype.—In the continuous-conveyor type 
the sheets are conveyed on top of pins projecting through slots and 
attached to a chain which runs under the furnace bottom; thus only 
a small part of the conveyor is exposed to the heat of the furnace, 
the major portion of the drive moving in a comparatively cool 
temperature. This furnace, while it has certain advantages such as 
longer life and lower initial cost, as well as accessibility of the 
working parts for inspection, has the disadvantage of not being fired 
adequately underneath the steel. 

Rotating-Disc Type.—In the rotating-disc type the discs are 
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mounted on water-cooled transverse shafts, which are rotated at 
various speeds by external chains or gears through a variable-speed 
connection. This type has the advantage of constantly subjecting 
its conveyed steel to proper furnace thermal conditions on both the 
top and bottom, but has the inherent loss of heat that goes with 
water-cooling in the main body of the furnace. 

Walking-Beam Type.—The walking-beam type uses a method of 
conveying which consists in lifting the packs or pairs off the 
stationary skids by a walking-beam arrangement, moving ahead the 
desired variable distance and then lowering the sheets on to the 
stationary skids, when the beams again drop below the conveyed 
material and return to their starting position. In this type all of the 
conveyor within the chamber is made of heat-resisting alloy and 
therefore the initial cost must be high; but if proper control is kept 
of the temperatures, these alloys will successfully serve through 
a long life. 

Most of these furnaces are fired by gas, which is introduced along 
the side walls with over-firing and under-firing. The burners are 
controlled in zones progressively through the furnace from the 
charging to the discharge end. Each zone is controlled to bring up 
the steel temperature in such a way as to eliminate any possibility of 
damage due to harshness of treatment. 

There are differences of opinion as to whether the short, efficient 
type of flame or the luminous, so-called diffusion flame produces the 
best results. Installations employing each are doing excellent 
reheating, and it may be that the use of the latter method is influenced 
by the experience of heaters whose background had been developed 
with the long-flame combustion. 

These new furnaces are encased in steel jackets, are well-insulated 
and are supplied with the full complement of controls. The widths 
of these furnaces permit of the transporting of two rows of packs or 
pairs, and it is possible in one furnace to be reheating run-over packs 
on one side and packs for finishing on the other side. Independent 
drives on the walking-beam equipment permit differential speeds of 
the conveyed materials. 

The conveying mechanism is operated by push-button control 
interlocked with the door mechanism on the discharge end. Con- 
tact being made, the conveyor moves forward, discharging the pair 
or the pack on to a driven conveyor which presents either to the mill. 
The following pack, moving forward, strikes a trigger which actuates 
a limit switch, stopping the conveyor and closing the door. This 
type of furnace was used in the earliest installations of continuous 
pack furnaces and, because of its continued excellent performance, 
still remains the most popular. The fine degree of uniformity 
produced, plus the fuel economy represented by consumptions of 
1,000,000-1,500,000 B.Th.U. per ton, plus the economy in labour 
have helped the hot-rolled sheet mill to stay in the race with the new 
methods of processing. 


Wo fF Aa 1 =~ = oo -— 2a ae fe a a eS a ee ee a 


~~ =~ 4, f°, ~~ — 


AMERICAN SOAKING PITS AND REHEATING FURNACES. 347 Pp 


Capacities of this type of furnace are dependent on the length, 
width and gauge of the rolled material being heated. Some of the 
longer installations have records of from 10,000 to 33,000 Ib. per hr. 

Mechanised feeding and catching tables, closer gauge tolerances, 
increased rates of pay to labour engaged in opening packs, the 
elimination of roll-polishing delays with the introduction of 
mechanical polishers all merge with this new type of heating 
equipment in sheet mills in enabling them to supply at lower cost 
a product vastly superior to that of a decade ago. 


Some Remarks on Reheating Furnace Design and Practice. 


From the foregoing descriptions the conclusion must be drawn 
that the trend in all kinds of reheating furnaces is definitely towards 
the continuous type. Such a furnace with modern zone develop- 
ment has gained the important advantage of efficiency at varying 
rates of rolling. A chamber of established volume cannot be fired 
at varying rates with the same efficiency as it has at the capacity 
rating for which it was designed, but firing in progressive stages or 
zones permits efficiency in fuel consumption under variable operation. 

This flexibility, coupled with the established benefits of the 
soaking zone, where temperature inequalities are eliminated, has 
provided rolling mills in America with a design that is not only 
economical but guarantees quality. Automatic control has also 
proved its worth, for few, if any, recent furnace installations have 
been built without draught, temperature and air-fuel ratio control. 


CONCLUSION. 


To say that all this development in soaking pits and reheating 
furnaces in recent years has come as the result of a natural evolu- 
tionary progress would not be accurate. Like most important 
developments of applied science, the guiding force has usually been 
necessity. 

The main change in rolling-mill processes in the last decade has 
been caused by the great development in the manufacture of flat 
rolled products. Because of the continual existence of a buyer’s 
market, resulting in an extremity of competition among the American 
steel manufacturers, all elements that go to produce the highest 
quality of product cheaply must be given consideration. This 
condition manifested itself particularly in the automotive field, the 
greatest consumer of flat rolled products. 

The wide continuous strip mill came to meet this situation, and 
because, according to experienced rolling mill men, the furnaces are of 
major importance in any rolling process, the challenge of these high- 
capacity units had to be met—and it has been. This forced situation 
did not stop at reheating equipment in these mills, but a recognised 
necessity for higher quality of slabs called for better blooming-mill 
practice. Hundreds of thousands of dollars were being spent 
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annually throughout the United States for slab preparation, and this, 
too, demanded attention. The soaking pits of recent construction 
(approximately 150 were built in 1937) have done much to improve 
the quality of this product at their end of the rolling process. 

The constantly increasing labour costs in America present another 
forcing factor. Added to this also, the increasing opposition to work 
that can be considered irksome by the residual labour forces of 
America has been a motivating influence for more mechanisation 
and extended study of ways to bring about a situation of less 
dependency on labour. 

To accomplish this, the American steel industry has spent no less 
than fifteen million dollars on new equipment, of the types described 
in this paper, since 1934. Undoubtedly this is a larger expenditure 
than has been made for such equipment during any previous period in 
its existence. All this has been done at a time when American 
industry is not certain where the future is to lead it. True, a good 
portion is in new capacity and in new methods, but it nevertheless 
proves that the transition which has occurred in soaking pits and 
other reheating furnaces is immensely valuable both in improved 
quality and in much-needed economy. 

For these reasons it is believed that, while the American steel 
industry is passing through dark years at present, it will, when it 
emerges, utilise these developments, which this paper has described 
in a more or less sketchy fashion, to a greater extent than at any time 
in its previous history. 


(This paper was discussed at the Additional Autumn Meeting in Cardiff on Friday, December 2, 
1938. In order to avoid delay in the publication of the present volume, the discussion, correspondence 
and authors’ reply are held over until the No. I. volume of the Journal for 1939.) . 





THE DEVELOPMENT OF THE OPEN- 

HEARTH STEELMAKING PROCESSES 
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(Figs. 4 to 21 = Plates XLVI. to LIV.) 


ABSTRACT. 


In the United States the open-hearth process has been developed 
to a remarkable degree in the last decade. The annual capacity is 
now over 71,000,000 gross tons of ingots and castings. The basic 
open-hearth process has far outstripped in production its acid open- 
hearth or Bessemer rivals because of its greater flexibility from the 
standpoint of pig-iron analysis requirements, and because the basic 
process can use great varicties of iron and steel scrap. 

The manufacturer who purchases steel for fabricating into 
various forms and the metallurgist who is constantly trying to 
improve the quality of steel products have challenged the steel- 
plant operator to make higher quality steels at continually decreasing 
costs. A distinct improvement in practice has resulted. It has 
come about because of the work of many men in the office, laboratories 
and before the melting furnaces. Better performance has followed 
three definite and distinct lines :— 


(1) The quality of the personnel in the open-hearth shops has 
been improved. Managements of steel plants have spent time 
and effort to train these men to be cost- and quality-minded. 

(2) Mechanical improvements have been made by enlarging 
existing furnaces to the limit, building new modern units, and 
adding labour-saving devices and equipment to speed up charg- 
ing the furnaces as well as tapping the heats. Insulation of 
open-hearth furnaces from top to bottom has aided in fuel cost 
reduction. Furnace controls have been perfected in order to 
improve the operations of the furnaces, reduce fuel and repair 
costs and increase the tons per hour per month. 

(3) The operating metallurgist has demanded more uniform- 
ity in the charge, and that more attention be paid to the 
selection of heavy, clean scrap for quality-steel production. 
He has given the melter certain tools which have helped him 
to gauge more accurately the quality of the steel before it is 
tapped from the furnace, and has improved the uniformity of 
the metal within a single heat, and from heat to heat. 


The need for quality steel products is constantly increasing. 
Open-hearth men in the United States are alive to their responsi- 
bility and opportunity. They are making an earnest effort to give 
the trade the kind of steel required for exacting demands in a 
modern world. 











* Received June 20, 1938. 
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Introduction. 


THE history of the development of the manufacture of iron and 
steel from the earliest use of prehistoric irons to the manufacture 
of steel in the modern 150-ton open-hearth furnace has been of 
profound and dramatic value to the human race. 

Modern civilisation is based on the manufacture and wide dis- 
tribution of steel. Its cheap and almost universal production has 
made possible the mechanical wonders of the twentieth century. 
The iron ore ranges of Minnesota and Michigan have made the 
United States the leading steel producer in the world. 

Now, thanks to the manufacture of low-cost steel products, 
labour-saving devices and modern conveniences, beyond the wildest 
dream of the privileged class of even one hundred years ago, have been 
made available to the rank and file of American citizens. The 
automobile, telephone, washing machine, refrigerator, radio, 
enamelled kitchen utensils, and sheet-metal stoves may be cited as 
a few examples of this universal use of steel. Within the memory 
of our fathers we have seen more tremendous strides made in the 
manufacture and adaptation of steel to human needs than had 
been made in many centuries gone by. Railroads have spanned 
the American continent, airplanes have annihilated space, radios 
and telephones encircle the globe, our skyscrapers pierce the clouds, 
mechanical contrivances of every description have taken the drudgery 
and load from the back of the farmer, the factory worker and the 
housewife by this useful servant of man. 


The Bessemer Process. 


In the decade following 1850, Sir Henry Bessemer in England 
and William Kelly in the United States developed the pneumatic 
process of refining molten metal from the blast-furnace into steel. 
This revolutionary invention found prompt application in the United 
States. It made large tonnage production possible at low cost. 
It made possible the winning of the West in the United States by 
producing tonnages of rails for transcontinental railroads. Its 
ruddy glow flashed across the horizon of time in a meteoric 
rise to prominence during the period when low-phosphorus ores 
were plentiful in the United States. 

In the early decades of the twentieth century, however, this 
process began to be replaced by one that was more flexible and could 
make use of cheaper raw materials and could salvage the steel scrap 
available from earlier production—the open-hearth process. 


Open-Hearth Development in the United States. 


Prior to the year 1868, the Siemens-Martin process for the manu- 
facture of steel by means of an open-hearth furnace heated by the 
regenerative principle was successfully demonstrated in England 
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and on the Continent. In the United States, Cooper and Hewitt 
built a small 5-ton open-hearth furnace in Trenton, N.J., in 1869. 
The only information available states that Mount Savage fireclay 
bricks were used. ‘The regenerators were directly under the furnace 
hearth. Siemens gas producers—without steam or air blast, 
only open grates with natural draft—were used to manufacture the 
gas. lectric power was unknown. All operations were carried 
on with hydraulic hoists. A 5-ton heat could be made in 7-8 hr. 

The second open-hearth furnace was built by the Bay State 
Iron Works, South Boston. John Galvin, a well-known American 
steelmaker, later General Superintendent of the Inland Steel 
Company, Indiana Harbor, Indiana, operated this furnace. It 
averaged forty-eight heats on a campaign. It is interesting to 
learn that this furnace was dried out for two weeks with wood fires 
before gas was put into the furnace. Silica sand was shovelled into 
the furnace, heated as hot as possible and then beaten with steel 
paddles called “ dollies ” to make the batch solid. Then another 
layer of sand was added. It took six days to put a bottom into this 
small furnace. Pig iron and scrap had to be heated red hot in another 
furnace before transferring the charge to the open-hearth furnace. 
All charging was done by hand. Mule- or man-power was used 
to bring raw materials to the furnace. Carbon was removed by 
“poling” the molten bath. Laboratory control was unknown in 
those days, and all heats were tapped on a fracture test. It stands 
to reason that costs were exceptionally high. 


The Basic Process. 


In 1886, the first basic open-hearth furnace was built in Cleve- 
land, Ohio, at the Otis Steel Company’s plant. It had a capacity 
of 15 tons. In 1887, this company built six 15-ton acid open-hearth 
furnaces. In 1888 basic open-hearth furnaces were built by the 
Homestead Steel Works near Pittsburgh, Pa. 

In 1890, Mr. Campbell built the first basic tilting open-hearth 
furnaces at Steelton, Pa. They had a capacity of 50 tons. In 
1899, Mr. Talbot introduced his continuous process for making steel at 
Pencoyd Iron Works, Philadelphia. Since then, others have used 
this process, but it never became a great national tonnage producer. 
In recent years, the duplexing of steel has been used extensively 
in the Birmingham district of the southern states. 

It is significant, however, that in the United States such plants 
as have both duplex and stationary furnaces invariably place all 
stationary capacity into service before starting the duplex furnaces. 
At the Open-Hearth Conference in Buffalo on April 20, 1938, a 
representative of a prominent steel corporation stated that his com- 
pany had abandoned entirely the manufacture of ingots by the duplex 
process. Another large producer is said to be changing tilting to 
stationary furnaces so as to make use of high-scrap charges in the 
manufacture of quality steels. 
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While the Bessemer, duplex, Talbot and Monell processes still 
have a limited field of usefulness, particularly when maximum 
tonnages are desired, or when the price of pig iron is low compared 
to scrap iron, there is a question whether these processes are adaptable 
to the manufacture of close specification steels. 


Steel Plant Incorporations. 


From 1899 to 1904 great activity was manifested in iron and steel 
circles. Many new companies were organised, and since then pro- 
gress in open-hearth steelmaking has been made with phenomenal 
rapidity. Some of the companies newly organised or reorganised 
during this period were as follows : 


(1) Allegheny Steel Company. 
(2) American Car & Foundry Company. 
(3) The American Rolling Mill Company. 
(4) American Tin Plate Company. 
(5) Bethlehem Steel Company. 
(6) Pittsburgh Steel Company. 
(7) Republic Iron & Steel Company. 
(8) Sharon Steel Hoop Company. 
(9) United States Steel Corporation. 
(10) Youngstown Sheet & Tube Company. 
(11) Cambria Steel Company. 


In 1906, the open-hearth process had made such strides that the 
Homestead Steel Works abandoned Bessemer steel production 
entirely. By the year 1909 the open-hearth tonnage exceeded the 
Bessemer steel production. 

The following tabulation gives the steel ingot production by 
decades in the United States : 


SteEEL Incot PrRopucTION BY DECADES IN THE UNITED STATES. 


Year. Process. Gross Tons. Year. Process, Gross Tons. 
1870 Bessemer 30,400 1910 Bessemer 9,400,000 
Open-Hearth 1,400 Open-Hearth 16,500,000 
1880 Bessemer 1,075,000 1920 Bessemer 8,900,000 
Open-Hearth 100,000 Open-Hearth 32,700,000 
1890 Bessemer 3,700,000 1930 Bessemer 5,000,000 
Open-Hearth 500,000 Open-Hearth 35,100,000 
1900 Bessemer 6,700,000 1937 Bessemer 3,450,000 
Open-Hearth 3,400,000 Open-Hearth 46,300,000 


From 1909 to 1938, although basic principles have not been 
altered appreciably, nevertheless very many important changes 
have been made. Furnaces have been increased in size from a 
capacity of 50 gross tons of ingots to an average of 150 tons per heat. 
Many modern shops are tapping heats containing 200 or more 
gross tons. In fact, one plant taps over 300 tons into two ladles. 
Fuel consumption and furnace repairs have been radically decreased, 
auxiliary equipment has been vastly improved, quality control has 
been instituted, and costs have been cut drastically. Table I. 














TABLE I.—Distribution by Size of Open-Hearth Furnaces. 
January 1, 1935. 
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shows the distribution of open-hearth furnaces by size as at 
January 1, 1935. 

Improvements in steelmaking have always been desired for 
either or all of three reasons: First, the improvement of quality ; 
secondly, a reduction of manufacturing costs in the primary products, 
such as blooms, billets, or slabs; and thirdly, the betterment of 
working conditions for the operating personnel. 

Progress in steelmaking has been necessarily slow. It has come 
about as a result of the work of thousands of men in the office, 
laboratory, and in front of the furnaces. The accomplishments have 
been the result of painstaking evolution and experimentation rather 
than coming from any great inspiration or ideas. 


Early Difficulties. 


In the early years of the twentieth century, many difficulties 
continued to be encountered, which have since been eliminated by 
the use of machinery and more efficiently designed furnaces and 
plants. Many of such furnaces had solid bottoms and relatively 
small checkers, flues and stacks. Hydraulic hoists were in common 
use. Chains were used instead of cables. Ladle holes and slag 
pits were often 10 to 18 ft. below floor level. Ladle stands were 
unknown. The steel binding of furnaces was inadequate, and port 
design was inefficient. Gas producers were antiquated, hand-fed, 
and manned by ignorant foreign labour from south-eastern Europe. 
The heat for melting and refining was inadequate and the time of 
heats was therefore long. The refractories and silica brick would 
not stand much punishment. Breakouts (dangerous and expensive) 
through front or back walls, or down the ends of the furnace, were 
common occurrences. Accidents to equipment and_ personnel 
happened almost daily. Sledging out tap-holes, especially when back 
walls had burnt thin, was a man-killing job. Heats were often so 
“‘ cold ” when poured into the ladles that they could not be teemed 
into moulds and had to be dumped into the pit. 

Men worked 11 hr. on day shift and 13 hr. at night, with a 24-hr. 
shift on the week-end change from day to night turn. Between the 
years 1920 and 1925 practically all steel plants in the United States 
discontinued this practice and adopted the 8-hr. day principle with a 
16-hr. turn at the end of the week. Since 1933, workmen in most 
steel plants in the United States are allowed to work only 8-hr. 
per shift and five days per week. 

Great progress was made in the years following the World War, 
but open-hearth operators agree that more real development has 
taken place in the last five or six years than in any two decades 
since the invention of the open-hearth process. 

Through their resourcefulness Americans found many new uses 
for steel, so that by 1928 the excess capacity of ingots provided 
during the Great War had been entirely absorbed. 

It is of interest to know that the annual output of steel ingots in 
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1918 was 43,051,022 grosstons. This tonnage rose to 54,850,433 gross 
tons in 1929. Then came the great depression in the United States, 
and ingot production decreased to such an extent that during the 
year 1932 only 25% of the vast capacity was in active operation. 
Improvement, however, came gradually, until in 1937 the country 
again produced 46,272,303 gross tons of open-hearth steel ingots. 
The annual ingot capacity for the United States was stated by the 
American Iron and Steel Institute to be 71,065,540 gross tons as 
at January 1, 1938. The annual steel production for a number of 
years is indicated in Table IT. 


TaBLE II.—Annual Steel Production (Ingots and Steel for Castings). 



































| Open-Hearth. | 
Year. ee Bessemer. | Crucible. | Electric. Total. 
Basic. | Acid. Total. | 
| 1923 | 84,665,021 | 1,234,636 | 35,899,657 | 8,484,088 | 44,079 515,872 | 44,943,696 
| 1924 | 30,719,523 857,827 | 31,577,350 | 5,899,590 | 22,473 432,526 | 37,931,939 
| 1925 37,087,342 947,146 | 38,034,488 6,723,962 19,562 615,512 45,393,524 
| 1926 | 39,653,315 | 1,038,664 | 40,691,979 | 6,934,568 15,493 651,723 | 48,293,763 
| 1927 | 37,144,268 924,067 | 38,068,335 | 6,191,727 9,036 666,087 | 44,935,185 
| 1928 3,200,483 913,473 | 44,113,956 | 6,620,195 7,769 802,260 | 51,544,180 
| 1929 | 472327419 | 1,120,469 | 48,352,888 | 7,122,509 6,645 951,431 | 56,433,473 
| 1930 34,268,316 780,856 | 35,049,172 | 5,035,459 2,253 612,599 40,699,483 
| 1931 | 22,130,398 379,168 | 22,509,566 | 3,023,446 1,547 410,942 | 25,945,501 
| 1932 | 11,742,682 164,648 | 11,907,330 | 1,532,076 645 241,111 | 13,681,162 
| 1933 | 20,057,146 324,526 | 20,381,672 | 2,428,791 681 421,203 | 23,282,347 
| 1934° | 23,256,417 274,688 | 23,531,105 | 2,162,357 531 361,296 | 26,055,289 
| 1935% | 30,361,237 | 354,192 | 30,715,429 | 2,835,031 642 541,492 | 34,092,594 
| 1936 | 43,114,826 | 421,302 | 43,536,128 | 3,458,457 816 772,455 47,767,856 
| 1937* | 45,772,510 | 499,793 46,272,303 | 3,449,927 934 845,537 | 50,568,701 








* The figures for 1934, 1935, 1936 and 1937 include only that portion of the steel for castings 
which was produced in foundries operated by companies producing steel ingots. 


Plant Layout. 


To-day, the installation of a 150-ton open-hearth furnace plant 
necessitates the expenditure of approximately $800,000. This 
includes the furnace and its auxiliaries, its share of the buildings, 
and all equipment required in its operation from the stockyards 
to the soaking-pits. It costs more than $300 per day per furnace 
in operating charges to carry such equipment and plant, which, of 
course, continues over idle furnace time. This is a very important 
consideration at this particular time when open-hearth plants are 
again operating at about 30% capacity. Therefore, the entire trend 
in modern construction or rehabilitation has been to reduce the 
idle time of the furnaces to a minimum. 

To keep these furnaces in constant production and charging 
delays to a minimum, proper equipment such as cranes, magnets, 
buckets, an ample number of charging cars and proper track layout 
and locomotive service, as well as close co-ordination of operations 
between the stockyard and the floor, must be provided. Scrap 
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must be properly prepared and heavy enough to ensure rapid 
charging of the furnace. 

Schedules between the blast-furnace and the open-hearth 
department, if hot metal is used, must be closely controlled. Crane 
service on the charging floor, magnets for cleaning up scrap, dolomite 
machines for making up bottoms, and sufficient charging machines 
must be available. 

Operations must be regulated in the pit to prevent any delays 
in this area. Again, sturdy ladles and powerful cranes must be 
available. In addition, heavy buckets for handling slag, large 
magnets for scrap steel, mould cleaning equipment, stopper-rod 
ovens and their auxiliary equipment, as well as an ample number 
of mould cars, are essential for continuous operation. A high 
degree of skill must be exercised by the workmen in handling the 
ramified operations of an open-hearth pit if steel of good quality 
is to be produced at low cost. 


Furnace Construction. 


Furnaces are usually spaced on 100-ft. centres. Recently, 
for greater convenience in operations, 115-ft. centres have been 
recommended by some steel men. More and more attention is 
being given by operators to the construction of massive binding 
for open-hearth furnaces. For many years, it was the usual practice 
to build the slag pockets and checkers in a rigid steel structure. 
This practice has been continued and improved, so the brickwork 
of these parts of the furnace is usually built within very strong 
steel-encased structures. 


Superstructure. 


In recent years the superstructure of all new furnaces has been 
rigidly bound together, and on these furnaces the old-time furnace 
tie rods are nomore. The universal adoption of sloping back walls, 
as well as heavier roofs, has increased the need for this new type 
of construction. Buckstays usually consist of rolled steel slabs 
or laminated plates having a sectional area of 6in. x 15in. Such 
buckstays withstand use and abuse for an indefinite length of time. 
On some older furnaces chrome ore rock or magnesite metal-case 
brick walls, either on straight or sloping back walls, are in use and 
giving good service, but the full sloping back wall has proved to be 
economical and a boon to furnace helpers when tapping heats. No 
more must they endure the intense heat of partially burnt-out 
back walls. 

Archless water-cooled door frames have given good results in 
some plants. The lower web of the skew-back channel supporting 
the roof must be water-cooled when such equipment is used. 

The thickness of roof brick varies. In a 150-ton furnace the 
span is great, and often the roofs are laid up with 15-in. or 18-in. 
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silica brick and 18-22-in. reinforcing rib courses. In other cases, 
15-in. roof bricks are installed for a width of 5-6 ft. on each side 
of the roof along the front and back walls where erosion is most 
severe, and the bricks in the centre section of the roof are 12 in. 
long. The roof height has been greatly increased and is as much as 
6 ft. above the foreplate to the bottom of the roof skew-back channel. 
The old idea that a low roof was necessary to hold the flame down 
on the bath has been abandoned and reliance is placed on port 
construction for the control of the flame direction. 

Several American plants experimented for quite a number of 
years with suspended silica-brick roofs. In one installation the 
roof was flat from front to back, and in the other installation it was 
arched. Good results were obtained until the depression of 1929-1933 
came along. During that period of intermittent operation, brick 
shapes were not strong enough to resist the many temperature 
changes due to frequent shutting-down and lighting-up of these 
furnaces, and the experiments were abandoned. 

Open-hearth operators and designers toy with the idea of using 
basic brick in furnace roofs, but, so far, no practical results have been 
reported. 

Less than fifteen years ago, the average roof life in the United 
States was 100-150 heats. ‘To-day, rare is the plant that does not 
show a life of from 300-350 heats on each roof. Refractory 
manufacturers have greatly improved the quality of silica brick, 
and engineers have improved furnace-roof design, especially after 
heavy cast-steel skew-back channels were adopted. Lastly, but 
not least, brick masons have improved their technique in the installa- 
tion of roofs. These joint improvements have played a large part 
in the great reduction in open-hearth operating and maintenance 
costs. Mr. W. C. Buell, Consulting Engineer, has recently estimated 
a saving of $1.50 per ton in open-hearth furnace practice betterment 
due to these changes. 


End Construction. 

All operators are giving consideration to the development of 
better contours on the ends of the furnaces. Some engineers 
believe the next great improvement will come in the more exact 
design of this part of the furnace, which is essentially a gas or oil 
burner. Suffice it to say that the end construction of a furnace 
has a great influence on the efficiency of any of the fuels currently 
used in open-hearth practice. Venturi-type port ends are used in 
quite'a number of shops which burn producer gas as a fuel. Ports 
are usually water-cooled, slopes and aprons are built in with chrome 
brick, and end panels are laid up with chrome ore rock, metal-case 
brick or, recently, with olivine rock—a magnesium-iron silicate. 
Also, a new prepared product, which consists of finely ground 
chrome ore with some special binding element, has given exceptional 
results in port construction and maintenance. This material 
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vitrifies and sets very hard and dense. It is known in the trade 
as “‘K.N. refractory material.” 


The Hearth. 


The usual dimensions of the hearth of a 150-ton furnace are 
16-17 ft. in width and 45-50 ft. in length. The bottom is invariably 
built in a pan made up of }-1-in. steel plates, which rests on a large 
number of heavy section I-beams on the top of massive concrete 
foundations. It is common practice in some plants to reinforce 
all riveted joints by welding. Still other plants have depressed 
the pan in the vicinity of the tap-hole about 5 in. to give a greater 
factor of safety at that vital point. In order to give sufficient 
cooling at the ends of the hearth, chill boxes are made of ample 
size. In some plants, the lower parts of the hearth corners are cut 
away. This eliminates heavy brick-wall construction at this point. 

The practice of insulating the furnace bottom is growing rapidly. 
Most plants use from 24 in. to 5 in. of insulating concrete or insulating 
brick. Fig. 1 is a chart showing typical bottom installations in 
quite a number of American plants. It is significant that the use 
of the product called ‘ K.N.” is rapidly increasing because of its 
density when burnt and therefore its resistance to steel penetration. 
Fig. 4 is a photograph of the interior of an open-hearth with K.N. 
refractory on the bottom. The following figures give the weights 
per cubic foot of materials used for hearth construction : 


Plastic K.N. when fully burned-in will weigh . 210-220 lb. per cu. ft. 
Grain magnesite sintered-in weighs . 5 - 165-170 ,, Pe 
Magnesite brick weighs . : A : . 160-165 __,, » 
Chrome brick weighs. . [ : + IR-180 4 ss 


Plastic K.N. sub-hearths offer excellent resistance to metal 
penetration. They are free from slag and uncombined iron oxide. 
This gives them greater resistance to the corrosive action of siliceous 
slags that may cut through a dead-burned magnesite hearth. 
Most operators still believe it is poor economy to slight bottom 
building and, therefore, take plenty of time to burn in the American 
or Austrian grain magnesite. A porous bottom will plague furnace- 
men for many years to come with poor quality steel and high 
maintenance cost. Some figures for the thermal conductance of 
various types of furnace bottoms are given in Table III. 

Front walls are usually laid up with chrome brick to the arch of 
the door opening, and from there on silica brick is used. Fireclay 
bricks are used next to the steel plates in sloping back walls, and 
the walls are then faced with chrome bricks. It is very seldom 
that back walls burn through. 

Patented dolomite products are used by some plants for building 
the original bottom. Most operators believe that the saving in first 
cost is not worth the risk of poor operations in succeeding years. 
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Taste III.—Figures showing the Thermal Conductance of Several 
Types of Open-Hearth Furnace Bottoms. 


C-3 insulation is a Sil-o-cel preparation. 























0-3 Clay Chrome IMagnesite| Fused | perma 
Insulation. | 3rick. Brick. | Brick. |Magnesite.| ~~ 
| | | H tance, 
Assumed Average | | | 
Temp. °F. : 400 | 1000 | 1600 | 1600 | 2000 
Thermal Conductivity) 215] 8-0! 23-1] 25:5 24-6 | 
Thickness of Bottom Material. 
Furnace A... . | None | 11} in. 6in. | 9in. | llin. | 0-401 
Furnace A. : ; | 2 in. 11} in. 6 in. 9in. | ll in. | 0-250 
Furnace B. : None 15 in, Sans Tak 12 in. | 0-347 | 
Furnace B. ; | 2h in. | 12} in. | 12 in. ove 12 in. | 0-266 
Furnace C, | None | 20 in. 12 in. oie 12 in. | 0-287 
Furnace C. Solid | 60 in. ag 12 in. | 13 in, | 0-118 
bottom | | 
| 














These products are almost universally used later on with good 
economy for bottom repairs. 


Slag Pockets. 


Designers are now making slag pockets and uptakes of ample 
size. These changes have lengthened furnace campaigns and are 
departures from past practice. Slag pockets are usually encased 
in 3-in. steel plates. Where liquid or gaseous fuels are burned, 
it is common practice to have a single slag pocket, at times 16 ft. x 
16 ft. square, on each end of the furnace. To expedite the removal of 
slag, sloping, loosely-laid false walls are built all around the inside 
of the slag pockets to a height of 5 ft. In some plants, the bottoms 
of the slag pockets are air-cooled and insulated. Above the insula- 
tion 15 in. of fire brick are placed and then 10-12 in. of loose sand. 

A very interesting process for the continuous removal of slag 
from slag pockets has recently been developed. The slag flows out 
of the main slag pocket and collects in an auxiliary brick pocket. 
By the incorporation of certain engineering features, the slag is 
kept hot and in a fluid state so that, by the aid of gravity alone, it 
flows into the auxiliary pocket. The main slag pocket is free from 
slag at all times—the ideal condition for maximum working efficiency 
of the furnace. The slag can readily be removed from the auxiliary 
pocket in 30-40 min., and in a short time the auxiliary pocket can 
be prepared for another run. 





Checkers. 


There is a decided opinion among many operators that we 
have spent too much time figuring on various kinds of checker 
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brick and methods of laying the same. Good results in different 
shops have been obtained with great variation in the total number 
of cubic feet of checker-brick capacity, different size checker 
openings, and new styles of checker brick. Some of these special 
checker bricks are known by the trade names Petersen, Loftus, 
Drain and Bailey. The old 3 in. x 4 in. x 10-in. brick laid 
checker-fashion with a 6 in. x 6-in. opening still gives good results 
in many plants and has a higher salvage value than the special 
shapes. 

The chief cause of poor checker performance is probably gas- 
borne solids that cake on and glaze the checker brick. One great 
problem then is how to improve methods for removing solids from 
waste gases. As furnace hearths have become longer and combus- 
tion control and insulation have shortened the length of the flame 
over the hearth, conditions in the checker chambers have become 
progressively better. Fig. 5 shows a suspended checker chamber 
roof and suspended arch at the uptake. 

Some plants are experimenting with two- and three-pass checker 
chambers, but no definite conclusions may be drawn as yet regarding 
the improvement in practice. In one shop, 7}-in. square straight 
flues are laid in the hot zone of a two-pass checker and 53-in. square 
straight flues in the cold zone. Recently, a suggestion has been 
made to draw the waste gases from the bottom of the first pass of a 
two-pass checker through an extra flue into a separate stack to 
distribute the heat more uniformly over all the checkers. Of 
course, some incoming pressure air would be forced up through 
these checkers when the furnace is reversed. Fan tails are built 
large enough so there will be a minimum of hindrance to furnace 
waste gases. 

Another recent scheme to increase the capacity of checker 
chambers has been the adoption of suspended flat fireclay-brick 
roofs over old checker chambers and fan tails (Fig. 2). 


Valves and Stacks. 


For many years valves were a source of trouble and aggravation 
to open-hearth men. In producer-gas furnaces interchanges of gas 
and air occurred frequently. Valves were usually water-cooled and 
leaked or splashed badly. At other times they warped and burned 
through, causing expensive delays. Furthermore, owing to several 
right-angle bends in the flues, these old-time valves cut the furnace 
draft by as much as 50%. 

Most plants now use straight-line valves with water-cooled seats 
set at an angle in the flues to the stack and using water-cooled or 
dry alloy dampers. The leakage hazard still exists in this type of 
valve. In a few plants very good economy has resulted from the 
entire elimination of valves, when using gaseous or liquid fuels, 
and substituting two Venturi stacks, one at each end of the furnace 
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(Fig. 3). A large fan driven by a 100-h.p. motor is connected with 
each stack, and the system is so arranged that on the incoming end 
the air is driven into the furnace under definite control, and on the 
exit end the waste gases are pulled out through the stack. Reversal 
is accomplished by a change in the damper setting in the Venturi 
stack and a change in the speed of each motor. This type of installa- 
tion eliminates all air infiltration and cooling around the valves. 
This arrangement allows for the use of auxiliary checkers and 
improves the furnace operation. 
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Fia, 2.—Open-Hearth Furnace; checker chamber; flat suspended roof. 


In another installation a Venturi throat is built in the upper 
third of the furnace stack, and a booster fan is connected with this 
Venturi to increase the draft capacity of existing stacks. 


Insulation. 


The introduction and application of insulation to open-hearth 
furnaces has found its greatest value in awakening the consciousness 
of operators to the cost of careless maintenance. It is the belief 
of open-hearth experts that a great part of the savings attributed 
to insulation comes from greater care and attention being given to 
furnace rebuilding and operation. This has been particularly 
true of sealing the furnace against air leakage. During the last 
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five to seven years, great progress has been made in sealing and 
insulating flues, checker chambers, slag pockets, ends, and, in some 
cases, roofs of open-hearth furnaces. Many kinds of insulation have 
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Venturi Stack and Sub-Checker Arrangement. 


Fig. 3. 





been proposed and tried out. The best practice seems to indicate that 
no one product is a panacea for all insulation problems. The most 
successful plants have used different kinds of insulation in different 
parts of the furnace. The checker chambers of new furnaces, 
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where necessary, have been built in concrete water-tight pits. 
These checker chambers and slag pockets have been encased in 
steel shells, and 4} in. of Sil-o-cel brick permanently built into the 
walls of the checker chambers (Fig. 6) and flues beyond the slag 
pockets. One plant uses 14 in. of silica sand and then 2-3 in. of 
blast-furnace granulated slag placed on top of the checker chamber 
roofs. 

In some plants where roofs over the hearths of the furnaces are 
insulated, the insulation is not put on the roof until the furnace 
has made about 30 heats. The insulation is also removed towards 
the end of a campaign as soon as the roof wears down to a thickness 
of 7-9 in. An average insulated roof life in one shop during 1937 
was reported at the Open-Hearth Conference in Buffalo to have 
been three hundred and eighty-two 125-ton heats. 

The current practice is to use 24-3 in. of thermo-flake granules 
(a vermiculite composition) on the main roof covered with 1 in. 
of powdered thermo-flake coating. All side walls above the floor 
level are coated with 2 in. of thermo-flake coating material. 
Checker chamber roofs are usually coated with 2 in. of thermo- 
flake granules and 1 in. of coating material on top. 

Some plant managers maintain that when draft control is installed 
the insulation on the roofs must be removed. By having the furnace 
under pressure, iron oxide fumes are forced up between the roof 
bricks, which apparently softens them so that they fall out. In 
other plants making low-carbon steels, experience has indicated 
that better results are obtained by insulating up to the floor level 
and sealing the furnace above that point. This prevents the pre- 
mature failure of the roof due to excessive erosion. 

Insulation benefits depend on the design of the furnace, the 
amount and kind of insulation used, the skill of application, and the 
personnel of the operating organisation. Estimates have been 
made in some plants where insulation was applied generally below 
the charging-floor level, which showed a 5% increase in the melting 
rate and a 7% decrease in the fuel consumption. Other engineers 
have claimed up to 15% saving in fuel, but no increase in production 
if the furnace is insulated above the floor level. If the speed of the 
furnace is increased because of roof insulation, the claim is made 
that refractory costs will increase. 

In 1936, Mr. H. C. Barnes, Steel Plant Engineer, made some 
interesting tabulations showing the savings in heat that may be 
expected in various parts of an open-hearth furnace if insulation is 
adopted. In these calculations he assumed no increase in tonnage, 
but he did assume that the fuel rate would be decreased in proportion 
to the reduction in radiation losses while still maintaining the re- 
fractory life of the furnace, the temperature, and the tons per hour. 
In a typical 125-ton basic open-hearth furnace these calculations 
indicated that to supply the losses as shown by Table IV. on a two- 
pass checker design would require 18-94 million B.Th.U. per hr., 





a 








all a a en a | 


suc 
lati 
as 

red 
thr 
the 


me} 
fue 
rep 
inst 








PR TERE or 





OPEN-HEARTH PROCESSES IN THE U.S.A. 365 P 


which would be reduced theoretically to 7-42 million B.Th.U. per 
hr. with insulation shown in Table V. This would mean a saving 
of 11-52 million B.Th.U. per hr., equivalent to the total of 1-15 
million B.Th.U. per ton of steel. Figuring the cost of fuel at $0-25 
per million B.Th.U., this is a saving of $0.288 in fuel per ton, or 
about $22,000 per year per furnace. It is estimated that to install 
the insulation shown in Table V. the cost will vary from $2500 
to $3500, or a theoretical return of 75°% on the investment every 
month during which the furnace operates. 


TaBLE IV.—Heat Losses on Insulated and Uninsulated Parts of an 
Open-Hearth Furnace. 





Million B.Th.U. 


| B.Th.U. Loss per} Million B.Th.U. 
of Fuel per Hr. 
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cienc 
pore, | fame | are, | Bear || are, | Jase 
1 Main roof. | 3060 670 2-330 | 0-510 | 0-416 | 5-600} 1-227 
2 Back wall . | 1920 970 | 0-292 | 0-148 | 0-416 | 0-701] 0-355 
3 Front wall . | 2280 | 1020 | 0-228 | 0-102 | 0-440 | 0-518] 0-232 
4 Portroof . . | 2580 600 | 0-578 | 0-134 | 0-463 | 1-248] 0-289 
5 Port side walls . | 2280 | 1020 | 0-730 | 0-326 | 0-440 | 1-660] 0-740 
6 Portends. . | 4210 | 1300 | 0-767 | 0-237 | 0-416 | 1-843] 0-569 
7  Uptakes . . | 2100 940 | 0-874 | 0-391 | 0-488 | 1-791] 0-802 
8 Slag pockets . | 1270 | 710 | 1-372 | 0-766 | 0-510 | 2-690} 1-504 
| 9 Fantailroof . | 1090 430 | 0-196 | 0-077 | 0-535 | 0-366] 0-144 
10 Fantail walls . 970 600 | 0-058 | 0-036 | 0-535 | 0-108] 0-067 
ll Ist Pass checker | 

roof ‘ 980 510 | 0-608 | 0-316 | 0-581 | 1-043} 0-543 

12 Ist Pass chee ker | 
walls. ; 550 420 | 0-185 | 0-141 | 0-649 | 0-287] 0-217 

13 2nd Pass checker 
roof F 650 320 | 0-403 | 0-198 | 0-694 | 0-581] 0-285 


14 2nd Pass chee ker 


walls. : 360 290 | 0-225 | 0-181 | 0-737 | 0-305] 0-245 





Total = | see eae e510 ssos| --» [18-741] 7-219 





Insulated furnaces during the periods of intermittent operations, 
such as the steel industry in the United States has seen during the 
latter part of 1937 and the spring of 1938, do not cool off as rapidly 
as uninsulated furnaces. Insulated furnace bottoms have shown 
reduced bank erosion, owing to the lower temperature gradient 
through the slag blanket necessary to supply the heat losses through 
the bottom. 

Thus, insulation, when properly applied and with intelligent 
men operating the furnaces, has paid big dividends in decreased 
fuel consumption. Some almost unbelievable figures have been 
reported, such as a basic 25-ton foundry furnace which is completely 
insulated using less than 3,000,000 B.Th.U. per ton on cold-metal 
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TaBLE V.—Thermal Conductance Data for Brickwork and Insulation 
in Various Parts on an Open-Hearth Furnace. 


Granules and coating refer to Vermiculite insulating materials. 
































Average Thickness. In. | Pl cin | 
Item, Location. i sqrt — SS oe a 
9 Brick. —— | Coating. Bare. wadtca| 
1 Main roof. . | 2800 | 760 9 3 1 1-42 | 0-27 | 
2 Back wall . | 2800] 152] 15 | 2 | 0-85 | 0-40 
3 Front wall . | 2700 | 100] 12 me | 2 1:07 | 0-44 | 
4 Portroof . . | 2600 | 224] 10 3 1 1:28 | 0-26 
5 Portside walls . | 2700] 320} 12 | ... 2 1-07 | 0-44 | 
6 Portends. . | 2800} 182] 12 2 2:05 | 0-55 | 
7 Uptakes . . | 2500] 416] 12 2 1:07 | 0-44 | 
8 Slag pockets . | 2400 | 1080] 20 | 2 0-64 | 0-34 | 
9 Fantailroof . | 2300; 180] 14 3 1 0-57 | 0-21 | 
10 Fantail walls . | 2300 60 | 16 o | 2 0-50 | 0-30 | 
ll Ist Pass checker | 
roof. . | 2100] 620] 14 > i 4 0-57 | 0-25 | 
12 Ist Pass checker | | 
walls. . | 1800 | 336] 22 a 14° | 0-36 | 0-27 | 
13 2nd Pass checker 
roof. . | 1600 | 620] 14 | 2 1 0-50 | 0-23 
14 2nd Pass checker | 
walls. . | 1400 | 624] 22 Se 14 | 0-31 | 0-24 











practice, and a Canadian open-hearth using gaseous mixed fuels 
and fairly high hot-metal charges consuming 2,950,000 B.Th.U. 
per ton, and one making mostly low-carbon steels showing a fuel 
consumption of 3,500,000 B.Th.U. per ton. 


Fuels. 


In the United States many different kinds of fuel are used in 
open-hearth furnaces. Tar, fuel oil (light and heavy), producer 
gas, natural gas, coke-oven gas, coke-oven and tar, and coke-oven 
gas and blast-furnace gas are some of the fuels and combinations 
of fuels used. The choice of a fuel for open-hearth use depends to a 
great extent on the market price of fuels. Various shops are 
equipped to change from one fuel to another on short notice. From the 
standpoint of sulphur control, natural gas ranks first. The ranking 
of the other fuels is variable and depends on the sulphur in the par- 
ticular coal, tar, or oil used by a given plant. 

One of the most interesting applications of gaseous fuels to open- 
hearth furnaces at the present time is to be found in a Canadian 
plant where the fuel is ordinarily a mixture of coke-oven/blast- 
furnace gas. The relative amounts of each fuel and combustion air 
are automatically controlled to maintain the desired combustion 
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conditions. The most novel feature of this system is the manner 
in which the differences in gas volumes and velocities between the 
two periods of a reversing cycle are handled. 

It is well known that if the ports are of proper size for gas and 
air on the incoming end of a furnace, they will be inadequate to 
remove the outgoing gases at reasonable velocities. As a result, 
most furnace end designs are compromises which do not properly 
satisfy either requirement. In the furnaces under discussion, the 
centre end port has been designed to give exactly the proper shape 
and size for the development of the right kind ofa flame. Additional 
lateral ports have been provided on each side of the centre port of 
sufficient added area to permit gases to be withdrawn from the hearth 
at reasonable velocities. It is interesting to note that these side 
ports are equipped with retractable slide dampers, which are 
moved in and out as the furnace is reversed, so that these ports are 
closed on the incoming end and are open on the outgoing end. 
This furnace has a large hearth area and the bath is relatively 
deep. Nevertheless, the hourly production is above the average, 
and the fuel consumption is under 3,000,000 B.Th.U. per gross ton. 
The furnace life is satisfactory and, so far, the repair costs have been 
low compared with average costs in the United States. 

Several years ago the prediction was freely made that in a few 
years the natural-gas supply in the United States would be exhausted. 
Then came the production of high-grade alloy steels, making the 
deep drilling of gas wells practical. This development, plus the 
advent of a huge network of natural-gas distribution trunk lines 
from producing fields to far-flung markets, has created a problem 
to find suitable loads to take up the slack between seasonal 
heating demands. The open-hearth furnace affords an ideal outlet 
for this excess gas. Open-hearth plants in a position to use such 
gas are often able to secure favourable prices compared with that 
of other fuels. 

Different expedients have been adopted to secure satisfactory 
performance from natural gas in furnaces constructed to permit the 
use of alternative fuels. In one instance, where natural gas has 
been applied to a producer-gas furnace, the gas is admitted into the 
producer-gas uptake through a number of small openings, and at the 
same time a controlled amount of air, to the extent of a fraction 
of that required for combustion, is admitted through the producer- 
gas reversing valve. This practice builds up a gas mixture of air 
and cracked hydrocarbons having approximately the same volume 
and density as producer gas. The furnace in which this fuel is 
used mélts its heats down rapidly and “ hot.” 

Another plant uses a combination oil-and-natural-gas burner so 
designed and constructed that both fuels can be burned simultane- 
ously. A totalising B.Th.U. meter indicates the amount used. 
On the melt-down of the charge, it has been found advisable to hold 
down the proportion of oil. This proportion is increased as soon 








368 P REINARTZ : RECENT DEVELOPMENT OF 


as the bath is under cover, so as to develop a more luminous flame 
to start and maintain the bath action as well as to minimise 
foaming. 

The use of heavy liquid fuels such as fuel oil or coke-oven tar, 
both of which have a density equal to or greater than that of water, 
has been an established practice in the United States for a number of 
years. A simple burner arrangement gives satisfactory atomisa- 
tion, although quite a number of refinements have improved the 
performance. One of ‘these improvements is a burner mounting 
pivoted on brackets outside the furnace, so that the slope of the 
burner may be raised or lowered at will to obtain proper flame 
direction at any stage of the heat. Secondly, an auxiliary atomising 
jet of compressed air admitted into the oil pipe near the nozzle 
makes it possible to lengthen or shorten the flame as desired. Thirdly, 
a high oil preheat temperature approaching the temperature of 
steam has an appreciable beneficial] effect on the flame development. 
Fourthly, the use of an electrically operated valve, located in the oil 
line immediately behind the burner and actuated from the reversing 
stand, maintains a full head of oil at the burner, reduces the fuel 
and reversal delays, and eliminates the coking-up of the burners. 
Fifthly, a refractory tunnel with a water-cooled nose makes an 
efficient oil burner setting and makes possible the use of a dry 
burner, which eliminates the cooling effect of a water-jacketed 
burner on the oil and atomising steam. Sixthly, the use of super- 
heaters for steam located in the offtake flues insures a supply of 
dry preheated steam for atomisation. 

Most of the outstanding records made in recent years have been 
secured from furnaces fired with clean, rich gases or with liquid 
fuels, 

The value of producer gas has suffered by comparison. Where 
up-to-date producer plants have been built and used in connection 
with enlarged or new furnaces, the operating results have been fully 
as attractive as those from other fuels. There is an added advantage 
in the use of coal with respect to both cost and supply, because 
it is the most nearly stable of any of the fuels in common use in the 


United States. 
Control, 


Along with the advent of insulation came combustion control 
enthusiasts. Many operators were blinded by the sales talk of 
these men. They installed various devices for controlling the 
temperature, combustion, &c., before making a thorough study of 
the principles involved. It is worthy of note that the proponents 
of these new panaceas for all the ills of a furnace were always very 
careful to insist on the complete sealing of the entire furnace. Of 
course, in most cases better results were obtained at once, but there 
is a strong suspicion that the sealing of the furnace was responsible 
for most of the improvement. 
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Fic. 4.—Open-Hearth Furnace, showing producer-gas port, K.N. refractory on bottom, sloping back wall and 
special roof construction. 


Fic. 5.—Suspended Checker Chamber Roof and suspended arch at uptake. 


[ Reinartz. 
[To face p. 368 P. 





PLATE X 


6. to Old Checker Walls. 














Prats XLVIII. 


Fic. 8.—Control Panel in Modern Shop. 
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Fic. 9,—Taking the Bath Temperature with the Fitterer Thermocouple. 
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Fic. 10.—Taking the Temperature of the Metal in a Ladle with the Fitterer Thermocouple. 
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Fic, 11.—Diesel-Oil/Electric Locomotive in Stockyard S car and stock buggies. 
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Fic. 18.—Corrugated Steel Slag Pots and One Cast-Iron Slag Pot. 
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Pirate LIV. 


.—Split Section of an [ron Mould for taking Metal Samples in an 
Open-Hearth Bath. 


Fic. 21.—Tapping a 170-Ton Heat of Rimming Steel. Note the slab buckstays of the sloping back wall. 
[Reinariz. 
t 














: 
; 
; 














OPEN-HEARTH PROCESSES IN THE U.S.A. 369 P 


Instrumental control of certain factors of operation has been 
found advantageous when properly engineered, operated and main- 
tained. The use of various controls undoubtedly centres attention 
on details of operation which are usually overlooked, and which, 
when properly regulated, improve operations. 

Recently, a questionnaire was sent to all the major steel plants 
in the United States and Canada, asking their open-hearth operators 
to list in what order they would purchase control equipment if 
money were available for only one improvement at a time. Twenty- 
two executives answered the questionnaire. The consensus of 
opinion developed the following conclusions : 


(1) Draft control. 
(2) Reversal by temperature. 
(3) Combustion control. 


All plant operators agree that it is absolutely essential to equip 
open-hearth furnaces with meters to record the consumption of 
oil, gas, or other fuel, as well as draft and pressure gauges showing 
the conditions in the checker and flue areas. It is also essential to 
know the temperatures in various parts of the furnace, such as the 
checkers and stacks. 

Control of the draft in the furnace system by a very simple 
device will improve furnace operations and help the first helper more 
quickly than any other scheme. Most operators carry a zero or 
very slight atmospheric pressure just under the roof, which means 
a suction of 0-005-0-006 in. at the last door of the furnace on the 
outgoing end of the hearth. 

The next important improvement is the reversal of the furnace 
based on a definite temperature differential between the checkers on 
each end of the furnace. In many plants the furnace helper is 
warned when the proper temperature has been attained by the 
ringing of a bell and the lighting ofalight. Ifconscientious workmen 
are available this system gives good results. Automatic reversals, 
however, eliminate the human element and allow the furnaceman 
to devote his entire attention to his furnace, the fuel consumption, 
and the quality of the steel he is making. The furnace valves are 
reversed automatically, and at the same time the fuel, steam and 
air are reversed in direction. This device overcomes any indifference 
on the part of the furnaceman, it keeps both ends of the furnace 
perfectly balanced, and it eliminates checker destruction caused by 
overheating due to irregular reversals. 

It is claimed by those who have used automatic reversal control 
for a period of over ten years that the maintenance costs have de- 
creased, the furnace can be reversed more rapidly and that the 
operations are improved. The radiation thermocouples are usually 
placed in the roofs of the checker chambers near the exit end of the 
checkers. Although the control would be more efficient in the hot 
end of the checkers near the fan tails to the slag pockets, the main- 
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tenance problem on radiation couples as well as irregularities due 
to the deposition of slag particles are too great. 

Another control which is gaining favour in some plants is auto- 
matic roof temperature control. The thermocouple is usually 
placed in the roof over the tap-hole, or in other cases in the centre 
of the roof. An indicating meter shows the furnaceman the 
temperature of this part of the roof. The control is so regulated 
that when the roof reaches a predetermined temperature, the fuel 
is cut off until the roof temperature drops below the danger point. 
This control can only indicate the temperature at definite points, 
and it is still the responsibility of the first helper to see that localised 
hot spots do not develop in other parts of the furnace laboratory. 

Combustion control, whereby the gas and air are theoretically 
mixed in proper proportions for combustion by flow-meter control, 
is advocated by some operators. The flow meter indicates and 
measures the air for combustion. It controls the delivery of the 
right amount of air in relation to the fuel into the furnace system. 
Others have tried these devices, only to see furnaces without 
special control equipment surpass the controlled ones in tonnage. 
Most furnacemen will agree that pressure air and mechanical draft 
equipment are essential for the proper operation of a furnace, 
but considerable study must still be given to the proportioning of 
the fuel and air before the best results are obtained from automatic 
controls. 


Control Panel in a Modern Shop. 


In order to indicate just how these controls function in a modern 
American open-hearth shop, Fig. 7 gives a view of the charging 
floor of a typical steel plant. The furnace control panel board is 
located adjacent to the instrument board. These furnaces are 
fired with fuel oil and coke-oven gas. It is therefore desirable to 
have the reversing and fuel control valves located adjacent to the 
instrument board. 

On the control board are found the oil and steam reversing 
valves, indicating steam gauges and the micro-vernier oil regulating 
valve. At the left of the control board is shown one of the coke- 
oven gas valves. The reversing switch which operates the valve 
motors is also shown. Any adjustment of the fuel oil or gas flow 
is readily observed by the first helper on the instruments mounted 
on the instrument board. 

Fig. 8 shows a close-up view of the combustion control and in- 
strument board of one furnace in the shop illustrated in Fig. 7. 

This board is 7 ft. high and 10 ft. long; on it are mounted the 
following instruments and controls, starting with the first instrument 
at the left in the upper row and following through with the first 
instrument on the left in the lower row: The instrument at the 
left-hand corner, top row, is the four-record potentiometer, which 
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records the flue-gas temperature on leaving the double regenerators 
at each end of the furnace. This instrument helps the operator to 
keep his checker chambers in proper thermal balance. 

The next instrument in the top row is the roof temperature 
control. This is actually a recording control potentiometer and 
receives its temperature impulse from a radiation tube sighting 
on a silicon-carbide brick located in the roof of the furnace and 
central in respect to all points. This instrument cuts off the fuel 
when a predetermined roof temperature is reached. 

Following along the top row, the next instruments are four 
indicating flow meters. These indicate the amount of combustion 
air being delivered into each of the four checker chambers (two-pass 
checkers are used, and there are two checker chambers on each 
end of the furnace). With a definite measurement of the combustion 
air being delivered by the fan to the furnace, the accuracy of the 
fuel-air ratio control may be checked at all stages of the heat. 
These instruments are calibrated in cubic feet of air per hour. 

The next instrument in the top row is the automatic temperature 
control, whereby the temperature of the fuel oil being delivered to 
the furnace is maintained at a constant point. 

The last instrument in the top row is an indicating flue draft and 
furnace pressure instrument. The scale on the left indicates the 
furnace pressure as being maintained by the furnace pressure 
control. The right-hand scale of this instrument indicates the 
draft in the furnace flue ahead of the main stack damper. This 
instrument will indicate restrictions in the furnace system below 
the charging floor level. 

The first instrument in the lower row of the control panel is a 
gauge which measures the amount of steam being used for atomisa- 
tion by the furnace, and also by the fuel-oil heater for preheating 
the oil. 

The rectangular instzument next to the steam meter is the 
recording gas flow meter. This meter allows the operator to adjust 
his use of gas in accordance with local plant conditions. 

The large round-faced dial with the black pointer indicates the 
amount of fuel oil being consumed per hour, and reads directly in 
gallons. With the large pointer the operator can adjust the flow 
of oil from the control board and see what changes take place. 

The next instrument is the dial and hand-wheel, which controls 
the amount of combustion air consumed for any amount of coke- 
oven gas being delivered into the furnace. This instrument is 
arranged so that at certain times in the course of a heat the ratio 
of air to fuel can be changed. 

The next dial-and-wheel functions to maintain the ratio of the 
combustion air to the fuel oil being consumed and may be readjusted 
in the same manner as the coke-oven gas control. 

The last dial in the lower row allows the first helper to set and 
adjust the furnace pressure control. With a setting of 0-08 in. 
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of water in this plant, balanced draft can be maintained at the bottom 
of the charging doors. 

In addition, on another panel, not shown, are located meters 
to control the use of such service items as compressed air, cooling 
water, and steam for general use. 


Oxygen Recorder for Waste Gases. 


In some plants the CO, content of the gases is determined as they 
leave the furnace. It is very difficult to regulate the proper pro- 
portion of CO, at various stages of the heat. These percentages 
must be determined by experiment in each plant. 

A more accurate scheme would seem to be to keep a continuous 
record of the oxygen in the waste gases in the outgoing downtakes 
as practised in one American shop. The oxygen content of the 
waste gases is indicated in the form of a continuous curve on a 
chart, as well as on a large control recorder in full view of the first 
helper. The oxygen recording apparatus automatically takes 
measured samples from the waste gases passing by the instrument 
and determines the oxygen at regular intervals at about 450-575° F. 
by catalytic combustion with hydrogen-containing oxygen-free gas. 
Changes in volume due to the combustion of the hydrogen to 
water serve as a yardstick for the volume of oxygen present. One 
instrument can be arranged to take samples alternately from. each 
end of the furnace. The greatest difficulty in using this equipment 
arises from the stoppage of lines to the recorder, as well as such 
unusual conditions as the adding damp ore, which may blow out 
the small flame used in the operation of this recorder. Ordinarily, 
the recorder is regulated so as to have about 2% of oxygen in the 
waste gases. Owing to local conditions, this percentage at times 
may be increased to 5 or 6%. 


Temperature Readings. 


In most plants furnacemen still use the crude rod cut test or 
pour some steel out of a spoon on to the floor to determine the 
bath temperature. 

Dr. Fitterer has developed a unique pyrometer for measuring 
the temperature of the metal in the bath of a furnace. It consists 
of a carbon/silicon-carbide thermocouple. The unit is portable, 
is about 7 ft. long, is water-cooled, and weighs 55lb. Itisso arranged 
that it can be slid down through the wicket hole into the metal 
bath (Fig. 9). Readings can be taken in 3 min. and are quite 
accurate. 

Dr. Fitterer has also developed a ladle thermocouple which is 
mounted on a mast. The ladle couple is preheated in a small 
furnace to reduce the time to heat up the couple, so that temperatures 
can be taken in less than 3 min. (Fig. 10). 

When taking metal temperatures in the ladle or on the pouring 
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platform, the general practice is to use disappearing-metal-filament 
optical pyrometers. Great care must be taken in the calibration 
of these instruments and in their maintenance. Some skill is 
required to take reasonably accurate readings with this type of 
pyrometer. In taking checker chamber temperatures, radiation 
pyrometers are used. 


Operations. 


In a modern open-hearth plant all auxiliary functions to the 
main operation of melting and refining steel must dovetail together 
without any serious delays if low-cost and quality ingots are to be 
produced. Material handling in the open-hearth department is 
costly. In the past designers either ignored or were unacquainted 
with the importance of this requirement. In the newer plants 
they have realised that the transportation and handling of raw 
materials to the furnaces and of ingots from the open-hearth pit 
to the soaking pits are major problems, and worthy of thought and 
expenditure of money in order to make substantial savings in 
handling costs. 


(a) Stockyard. 


The stockyard is a vital adjunct to the open-hearth plant. 
Here scrap iron and cold pig iron are loaded into pans on charging 
cars by means of large magnets either from piles or railroad cars. 
In small plants locomotive cranes are used, but in all large shops 
long runways equipped with fast travelling cranes have been 
installed. In quite a number of plants these runways are enclosed. 

In modern practice, owing to the increasing demand for special- 
quality steels, a high degree of skill and ingenuity must be exercised 
to keep separate such grades of American scrap as No. 1 heavy 
melting, No. 2 steel, turnings, bundles and light clippings, as well 
as local shop or domestic scrap from the standpoint of bulkiness 
and general quality. A further separation must be made for low- 
and high-copper, low sulphur contents, silicon and other alloy 
contents, so that these grades may be used in definite kinds of 
steels. More and more scrap-bundling machines are being installed 
to convert undesirable light grades of plant sheet scrap and clip- 
pings from manufacturing plants into compact scrap bundles 
suitable for fast charging. 

When proportioning the ingredients in a heat, the open-hearth 
management must consider both the speed of charging and the 
quality of the charge. An attempt is made to proportion the light 
and heavy scrap so as to ensure the best average charging time for 
the scrap available in any given plant. 

The stockyard generally parallels the open-hearth melting 
shop. A few plants have the stockyards in the same building as 
the open-hearth furnaces. The former practice is preferable. In 
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most modern shops narrow-gauge tracks have been eliminated. 
Diesel oil-electric locomotives (Fig. 11) are coming into use for 
open-hearth service because of their 24-hr. availability, low operat- 
ing and maintenance cost, and ease of starting with heavy loads, 
particularly in cold weather. 

Many shops have widened and lengthened the charging pans. 
Some pans are riveted, some welded, but best all-round results are 
obtained from cast-steel pans. Charging cars are built of structural 
steel or castings. Owing probably to faulty design, welded buggies 
have not been very successful. Pin-and-link couplings are gradu- 
ally being replaced by automatic couplings to decrease accident 
hazards. Roller bearings are standard on new charging cars. 
Many plants use five pans on each car. 

In many stockyards large storage bins have been provided to 
handle auxiliary raw materials. These bins are kept filled by the 
use of locomotive cranes and buckets or by gravity from “ high 
lines’ over the bins. Limestone, fluorspar, iron ore, and raw 
dolomite are often handled in this manner. These commodities 
are loaded by gravity from doors in the bottom of the bins into 
buckets or pans on charging cars. In other plants these materials 
are loaded directly from cars or piles into the charging pans. 


(6) Bottom Maintenance. 


The bottom of an open-hearth furnace hearth requires careful 
and continuous attention if quality. ingots are to be produced. 
When the bottom is originally installed it pays dividends later on 
not to spare time or money in sintering it in place as densely as 
possible. : 

In regular practice heats must not be tapped until the metal 
and limestone are all melted. After the heat is tapped the bottom 
must be properly drained. All puddles of slag and steel must be 
removed, even if it is necessary to cut a drain to the tap-hole with 
compressed air or oxygen. In the case of deep holes in the bottom, 
Austrian or American magnesite is sintered in. Over a period of 
years it has been found to be a good practice occasionally to melt 
or “ wash out ” 4—6 in. of bottom to get rid of contaminated bottom 
material and rebuild new material into the bottom. This practice 
will prevent “ boils” on the bottom at tapping time and improve 
the average quality of the steel produced. 

Banks are built up by the use of crushed raw dolomite, burnt 
dolomite, or patented dolomitic refractories. Cost and availability 
usually decide which refractory or combinations of them must be 
used. The repair and maintenance of furnace banks and bottoms 
is simplified and improved in some American shops by the use of a 
dolomite gun (Fig. 12). This machine, by means of several simple 
controls, places the refractory material on the banks of the furnace. 
Labour is much less strenuous than when using the old hand- 
shovel method, refractories are conserved, and a quicker job is done. 
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(c) Charging. 

Great emphasis is placed on rapid and careful charging. The 
floor type of charging machine is used in most modern shops. The 
overhead type is used in small casting plants and in older shops. 
The charging machine must be rugged to withstand constant use 
and abuse. 

In most departments an attempt is made to charge open-hearth 
heats in two fairly equal drags or charges. When making medium- 
or high-carbon heats, several thousand pounds of low-carbon scrap 
are charged on the bottom. Then comes the limestone, and after 
that the scrap and pig iron. This practice prevents the limestone 
from sticking to the bottom. Such practice is usually not necessary 
when making low-carbon steels. 

(1) All-Scrap Heats.—It is not practical to melt all-scrap heats 
in the ordinary open-hearth furnace. It is true that in a few plants, 
owing to local scrap markets and the distance from pig-iron markets, 
a charge consisting of cast iron, scrap iron and enough petroleum 
coke (distillate by-product) to melt properly is used. Good results 
on a variety of grades of steel are reported. There is a question 
whether such practice, owing to the difficulty of controlling the 
analysis of non-ferrous metals, will give good results in the manu- 
facture of deep-drawing grades. 

(2) Pig Iron.—In the majority of plants, about 30-40%, of the 
total charge is pig iron or “ hot metal.” The percentage depends 
on many variables, such as the age and size of the furnace, the 
analysis of the pig iron and scrap, and the carbon specification of 
the steel to be made. When higher percentages of hot metal are 
used, it is necessary to charge ore on the bottom to remove the excess 
carbon in the hot metal. In such cases, the first slag is flushed off 
before much of the limestone is melted. 

Fig. 13 shows molten metal being poured into a 1300-ton mixer. 

The charging procedure in one shop when using charge ore is to 
place light scrap on the bottom, then the limestone. This is fol- 
lowed by 15-20°%, of the scrap charge, and then the ore is added. 
On the ore is placed the balance of the scrap, and the charge is 
finished off with the lighter grades of scrap. In another large 
American shop limestone is put on the bottom, then the ore is 
added, and then the scrap. If cold-pig-iron practice is followed, 
part of the pig iron is usually charged with the first drag, and the 
balance on top of the last scrap. In hot-metal practice, the metal 
is poured into the furnace after the scrap charge has become 
thoroughly heated through and starts to drip. The charging time, 
exclusive of the hot-metal addition, is usually from 3 to 6 hr., 
depending on the bulk and weight of the charge and the size of the 
furnace. 

The charging machine operator, as a result of long years of 
practice and observation, can have a profound effect on the time 
of melting a heat by the manner in which he places the various 
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constituents into the furnace, because each furnace requires a slightly 
different treatment to obtain the best results. 

(3) Hot Metal—Hot metal is usually received from the blast- 
furnace in the ordinary open-top hot-metal car, or by means of 
torpedo-shaped “thermos bottle ”’ ladle cars. The metal may be 
used directly in the open-hearth furnace from the thermos bottle 
or it may be placed into gas-fired mixers of 500-1500 tons capacity, 
depending on the size of the shop and the amount of hot metal 
available. The hot metal from the mixer is poured into transfer 
ladles (Fig. 14) and transported to the furnaces by means of a 
heavy crane, or by a larry car which is operated on the rear side 
of the charging floor. In a few shops, the heat in the transfer 
ladles is conserved by the use of ladle covers. The direct method 
of handling hot metal is best suited to a shop having an ingot 
tonnage capacity of from 50,000 to 75,000 gross tons per month. 
Since the openings in these ladle cars are very small, skull losses 
are almost eliminated. The ladle cars will carry up to 175 tons of 
hot metal, and the metal may be kept hot for at least 18-24 hr. 
Very careful blast-furnace operations are required for the successful 
use of this kind of service. In one American plant, modern cupola 
metal has been used successfully as hot metal in open-hearth steel 
manufacturing operations. 

(4) Limestone.—A charge of from 6 to 12% of limestone is used 
in various plants in the United States, depending on the quality of 
the limestone, the kind of steel being made, the type of fuel and the 
percentage of pig iron in the charge. Burnt lime is sometimes 
substituted wholly or in part for raw limestone. Past experience 
in several shops would indicate that an all-burnt-lime charge may 
not be conducive to best results in making spelter-coated grades. 
Considerable practical research work has been done on the effect of 
limestone on the time of melting. Observers have reported that 
sized limestone, about 6-8 in., will speed up melting. Some people 
claim that crystalline limestone gives worse results than amorphous 
varieties, because it seems to go into solution more slowly. The 
magnesia should be as low as possible, preferably under 14%; 
however, a limestone with a little silica in it will sometimes melt 
faster than exceptionally pure stone. 

(5) Melting —The open-hearth melter needs a fast-melting fur- 
nace, careful charging, and proper proportioning of the charge, so 
that the heat will not melt too high above the desired content of 
carbon. This will make it unnecessary to use an excessive amount 
of ore. In a 150-ton heat, feed ore charges usually should not 
exceed 3-5% of the metallic charge for best results. On the other 
hand, it is just as detrimental, particularly when making low-carbon 
rimming steels, to melt the heat so that little or no ore is required. 
This practice will produce sluggish and cold heats, and the iron 
oxide in the slag is apt to be high. Such a heat will later on cause 
trouble in the mill from the standpoint of blisters and lamination , 
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Practice has indicated that more speed will be made by reducing 
the carbon in high-carbon steels with lump ore. Low-carbon steels 
require an oxidising slag for reducing the carbon to a low percentage. 
A finer ore will cut up the limestone faster and give better results. 
Fluorspar should be used cautiously in all grades of steel, but par- 
ticularly i in low-carbon rimming steels, as it will tend to make the 
slag “wild and watery.” This will ‘erode the banks and ladle 
linings and is not helpful in maintaining quality standards. It is 
essential not to ore the heats too close to the tapping time, nor 
should the oreing be so excessive that the bath is relatively “ cold ” 
at the tap and pig iron must be added to increase the temperature 
of the bath. A much better practice is to carry the heat up to 
temperature through the refining period and then cool down slightly 
at tapping time. Here again is a hazard, because if the heat is too 
hot, boils may start on “ old steel’ in the banks or bottom, with 
consequent quality and operating difficulties. 


(d) Testing the Heat. 


Tests for carbon, manganese, sulphur, phosphorus and copper 
in the metal and iron oxide in the slag are made regularly by almost 
all open-hearth melters. Lucky is the plant that has an efficient, 
alert and fast-working group of chemical analysts. They can help 
to make or break a melter. Additional aids to control of quality 
have recently been given to the melter. The carbometer, an in- 
strument for determining the carbon content of the bath very 
accurately and rapidly, has been a great boon to those shops making 
large tonnages of medium- and high-carbon steels. In some plants 
they are using this machine on low-carbon steels. Others question 
its value when making steel with under 0-12% of carbon. In some 
plants the final test is checked for carbon by a quick chemical 
determination. The variation will be 0-01-0-:02%. Operators 
making all grades of commercial alloy steels claim that for control 
purposes they can use this machine for quick determinations of 
carbon. A different curve is used for reading the carbon results on 
alloy steels compared with plain carbon steels. 

In American practice, the last few points of carbon are “ poled ” 
out by stirring the bath with 3-in. green saplings or with 14-in. 
steel bars. 

Various methods have been devised to check the condition and 
analysis of the metal and slag at tapping time. The viscosimeter 
and slag-cake test are used quite extensively. The smaller the 
variety of steel grades being made and the greater the experience 
of the melter, the greater will be the success in using these controls. 


(e) Tapping the Heat. 


To aid in tapping, oxygen is available, either in manifolded 
oxygen bottles, or it is piped close to the tap-hole from a central 
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source of supply (Fig. 15). The use of oxygen has lowered costs, 
decreased the hazards of off-grade heats, and has been a great help 
to furnacemen in tapping heats, working tap-holes after the heat 
has been tapped, and cleaning up steel and iron spills and break- 
outs. Tap-holes are originally built out of magnesite or chrome 
brick. Every time a tap-hole becomes too large, a 6-in. pipe about 
4ft. long must be installed. This pipe is then surrounded by a 
chrome ore mixture. Holes must be piped frequently when making 
low-carbon steels having high iron-oxide slags. 

Care must be taken not to allow the tap-hole to become too 
large or too short, because then there is grave danger of slag and 
metal mixing in the ladle. This is particularly serious when making 
low-carbon rimming steels, because a reaction between the slag and 
the metal will lower the manganese content of the metal towards 
the end of the teeming period and ruin the quality of the steel. 


(f) Pit Practice. 


American ingenuity has been tested to the limit to develop 
open-hearth pit practice so that heats up to 200 or more gross tons 
can be handled satisfactorily from an operating, safety and a 
quality standpoint. The best efforts of the metallurgist and 
melter come to naught if a plant is cursed with poor pit practice. 
In the first place, cranes must be of ample size and capacity to 
handle heats and the pit work with a minimum of delay. Con- 
scientious workmen must be available to carry on the exacting and 
dangerous duties in the pit and in pouring the steel. In modern 
shops, a careful safety check is made regularly of cranes, runways, 
cables, ladles, stands, ladle bails, &c., so that only a minimum of 
unforeseen circumstances can happen. It is nerve-racking to have 
a 150-ton heat suspended in a ladle, and then have something go 
wrong. 

Efficient plant managements put the manufacture of stopper- 
rod assemblies up to one man. Very great care must be exercised 
in the standardisation of the sizes and types of nozzle brick, sleeve 
brick, stopper heads, stopper rods, keys and bolts. Analyses and 
dimensions must check accurately. Nozzles must be carefully 
dried out and ground to fit the stopper head properly. The right 
size of nozzle opening must be figured out for each size of mould. 
Oval nozzle holes are used for some slab moulds. It is very 
important that nozzles be set accurately in the ladle. 

In order to reduce the ferrostatic pressure and consequent 
splash of metal on stools while teeming steel into moulds, quite a 
number of plants have purchased oval ladles. Frozen metal or 
“skulls”? are removed more rapidly from these ladles. In one 
case, to take care of a very special requirement, an almost square 
ladle was designed and built. Electrically-welded ladles have 
been purchased in increasing numbers during the last five years. 
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The latest figures indicate that more than two hundred welded 
ladles, ranging from very small foundry ladles to 175-ton capacity 
ladles (Fig. 16) are now inservice. These ladles, before being placed 
in service, are usually stress-relieved by annealing them at 1200° F. 
Welded ladles, because of their construction, allow the plant super- 
intendent to charge 3-4% more metal in the furnace for the same 
total weight on the ladle cranes. In some plants ladles are in- 
sulated next to the tank plate with 14 in. of insulating concrete. 
Then the tank lining (usually 1-2} in. x 4 in. x 9-in. fireclay brick 
laid on the flat) is installed. The inner lining is usually laid up with 
2} in. x 4in. x 9-in. bricks laid onedge. Ladles are heated to about 
800-1000° F. in American practice. This is particularly true when 
making low-carbon steels. In this practice care must be taken to 
keep the ladle as clean as possible. In some plants making killed 
medium- or high-carbon foundry or ingot steels, a fireclay or 
ganister slurry is shot on to the inside of the ladle after each heat 
has been poured. It is claimed that from 30 to 50 heats are made on 
one brick lining. The average life of a ladle lining in shops making 
low-carbon rimming steels is 12 to 15. The life depends a lot on the 
amount of slag carried on top of the metal in the ladle. 

Coke-oven gas, natural-gas, or oil burners are used in most shops 
for heating ladles. In a few plants, small pots full of molten slag 
are set in the ladle to dry it out. 

Stopper rods in certain plants are heated in vertical ovens by 
means of oil or gaseous fuels thermostatically controlled at about 
300° F. (Fig. 17). The rods pass continuously through the oven and 
are ordinarily not used until 72 hr. after assembly. This practice 
has almost eliminated stopper-rod failures. 

Hoppers or chutes are provided on the back standings for the 
addition of ferro-alloys to the ladle. Magnets, large dump buckets 
and slag cars are provided to remove scrap, ladle skulls and debris 
from the pit. Slag is usually poured into cast-iron slag pots having 
a capacity of up to 400 cu. ft. in the larger shops. This slag may be 
salvaged for shipment to the blast-furnace or removed to the slag 
dump. Recently, corrugated steel slag pots (Fig. 18) have been 
introduced in some steel plants with good success. Warping has 
been eliminated, and the life is said to be much greater than that of 


cast-iron pots. 


(g) Moulds. 

Research work has been going on continuously to improve 
mould and stool practice and life. The ordinary life of a mould in 
the United States is 90 to 150 heats; this will vary with the type of 
mould—slab or square—the kind of steel poured, the stripping 
facilities and the time of stripping. Corrugated slab moulds are 
used almost universally in hot strip rolling practice. 

Copper stools were tried for several years by quite a number of 
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steel plants, but warpage as well as the variable oxide content of the 
cast copper caused difficulties, and more experimental work must 
be done before they become commercially successful. An air- 
cooled cast-iron stool designed so as to get rid of excess weight has 
given good results in one plant. 

In a number of plants killed steels, particularly in the medium- 
and higher-carbon ranges, are poured into inverted big-end-up 
moulds, similar to the Gathman type of mould. These moulds are 
usually equipped with brick-lined cast-steel hot-tops. Some plants 
use a brick hot-top in one piece. Hot-tops are designed to hold 
12-17% of the volume of the ingot. One hot-top is now made that 
can be set at various heights in a mould and thus can reduce the 
number of different lengths of moulds carried in stock. A unique 
stripper crane has been designed to facilitate the stripping of big- 
end-up moulds. 

In strip mill practice, the mould design varies within wide 
ranges, depending on the plant design and requirements. Moulds 
are made for ingots that vary in thickness from 18 in. to 30 in., in 
width from 30 in. to 60 in., and in length from 60 in. to 95 in. Ex- 
cessive ingot height may cause horizontal cracks. An ingot height 
about 34 times the thickness seems to give best results. Too great 
thickness of the ingot in relation to its width will cause excessive 
segregation in the top third of the ingot. Ingots that are too 
narrow, irrespective of the width, may be scabby because of 
unfavourable pouring conditions. 

The ingot practice for strip steel must be a compromise between 
fast pouring to avoid scabs and slow pouring to improve the internal 
structure, between wide ingots to avoid scabs and narrow ingots to 
reduce segregation, and between long ingots to increase the capacity 
of the soaking pits and short ingots to decrease the segregation and 
porosity. 

In some plants the steel is bottom-poured to avoid surface de- 
fects. This is particularly true in the manufacture of large plates. 
The cost of bottom-pouring in one plant has been reduced below 
$0-50 per ton by pouring four large ingots at one time on ingot 
buggies. Runner bricks are no longer set up with fireclay slurry. 
Tar is poured around all the joints in one plant, and a mixture of 
graphite, fireclay and molasses water is used in another plant. 
These schemes serve the further purpose of providing reducing 
gases to sweep out the air in the moulds at the beginning of a 
pour. To avoid scabs due to splash from the first metal entering 
a mould, small cardboard caps are placed over the openings into the 
mould. When bottom-pouring large ingots, it is common practice 
to provide more than one opening into the mould to decrease the 
splash defects. 

In the United States, the trends still seem to indicate that 
moulds made from direct blast-furnace metal give a slightly better 
life than those made from cupola metal. 
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(h) Mould Coatings. 


The practice of cleaning and coating moulds in the United 
States varies considerably. In a great many plants, they use 
a heavy tar which is a by-product from coke manufacturing 
operations. 

In some plants, the moulds are cleaned by dipping them into an 
ordinary water tank. At a temperature of 250-300° F. heavy tar 
is then sprayed into the mould. The tar dries to a smooth glossy 
surface. An attempt is then made to pour the moulds at 100- 
150° F. Moulds should not be sprayed while on the stools, because 
heavy accumulations of tar in the bottom of the moulds or on the 
stools may cause cracking of the ingots. In other plants, the entire 
mould is dipped into a vat containing tar. 

In several plants, moulds are dipped while hot into a strong 
brine solution (about 3 Ib. of common salt to a gallon of water). 
The claim is made that by this practice the mould is thoroughly 
cleaned, and a surface film is developed to which molten steel does 
not adhere. 

Still other companies clean the moulds mechanically with wire 
brushes and scrapers. Then they spray a graphite coating into the 
mould, and polish the coating with rags on the end of a long rod. 
A questionnaire answered by twenty-two representative American 
companies showed that eight use graphite, ten use tar, three use 
salt and one uses a heavy oil. 

One company has built a long mould drying and heating shed 
equipped with three tracks. Cold or wet drags of moulds are placed 
on the outside tracks, and a drag of hot moulds that has just been 
stripped is placed on the centre track. Arrangements have also 
been made to heat this building with coke-oven gas on start-up 
turns. Some companies find it good practice to spray tar into 
hot moulds before they are temporarily taken out of service. 


(i) Teeming Practice. 


Teeming practice varies a great deal in the United States. In 
most cases, ingots are top-poured. Some plants teem ingots very 
fast, using 3-in. nozzles. A majority of the other plants teem large 
ingots with 1?-1{-in. nozzles. Those teeming fast do so to produce a 
good surface. Those that advocate slow teeming claim that such 
ingots will crack less and have more sound internal structures. In 
one plant, when bottom-pouring groups of ingots, a rate of 50-60 lb. 
per sec. is considered to be the correct pouring speed when teeming 
from 20 to 30 tons on one bottom plate. In another plant using 
bottom-pouring practice, a rate of rise of 8-9 in. per min. is used 
when pouring rimming steels. The rate of rise is regulated for each 
number and size of moulds. 

In some plants rimming-steel ingots are capped with extremely 
heavy caps (over 2000 lb.) when the steel has rimmed-in 4—6 in. 
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The claim is made that this practice improves the internal structure 
of the ingot. An electrical capping machine may be required to 
carry on such operations economically. 

The modern pit is also blessed with oxygen. An oxygen lance 
is a great help to ladle men in handling heats a little on the “ cold 
side.”’ 

It is the practice in some shops to use thin steel plates in the 
bottom of each mould to protect the stool from excessive erosion. 

Most plants have a definite rule regulating the time for pulling 
heats from the pouring platform to the stripper crane. 

In top-pouring rimming-steel practice, a few operators have, 
over a period of years, tried to improve the ingot surface by teeming 
through light-gauge pickled sheet tubes 8 in. to 15 in. in dia. and 
5 ft. to 6 ft. long, with variable success. 


Maintenance. 


In the United States, the entire open-hearth operation is sub- 
jected to a very high degree of electrical and mechanical mainten- 
ance control. Daily inspections are made to avoid the breakdown 
of machinery and cranes. Sufficient spares are carried to avoid 
major delays and shutdowns. The welding of cracked charging 
pans, buggies and other parts has reduced operating costs. Oxygen 
and acetylene torches have helped to decrease the cost of break- 
outs and spills, as well as to decrease furnace and teeming delays. 
Safety is the watchword of the American operator. 

A refractory gun, known by the trade name “ Quigley,”’ is used 
in many shops for hot-patching and temporary repairs to the 
furnace hearth. Cracks may be sealed with this gun, ports built 
up and front and back walls lined with refractory materials. A 
ground chrome ore mixture is generally employed in this practice. 

Gravity conveyors are used in handling brick for furnace re- 
pairs. One plant has installed a small portable electric crane for 
hoisting wheelbarrows when cleaning out checker chambers and 
flues. Dynamite and carbon-dioxide bombs, as well as large 
hydraulic jacks, are used for removing slag accumulations from 
slag pockets. 


Water. 


A plentiful supply of reasonably “ soft ’’ cool water is an essential 
requisite in every American steel plant. In some districts, as, for 
example along the Great Lakes, cool, clean, soft water is available. 
In other communities the water must be recirculated or treated to 
make it serviceable for high-temperature operations. 

The average open-hearth furnace requires water for doors and 
frames, port coolers, skew-back coolers, oil burners, damper valves 
and seats, &c. The amount actually used in 150-ton open-hearth 
furnaces varies from 500,000 to 900,000 gal. per 24 hr., depending 
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on the type of fuel, type of valves, and the extent of general water- 
cooling required. 


Refractories. 


Manufacturers have spent much time and effort in attempting 
to improve refractory brick. Silica bricks are made by the dry 
press, machine, or hand processes. In dry press moulding, crushed 
ganister is ground dry and screened to the desired screen analysis. 
Pressing is done in a machine similar to that used in the manufacture 
of fireclay brick. Machine moulding is often used in making small 
regular contour shapes. Hand moulding continues to be used for 
the great majority of shapes, while dry press moulding is used in 
the manufacture of very large bricks. 

Chrome and magnesite bricks are available in the burnt and 
unburnt condition. The latter are hydraulically pressed at high 
pressures. As a result, these bricks are denser, shrink less in ser- 
vice, cost less, and offer more resistance to spalling. This is par- 
ticularly true of a brick containing a mixture of chrome and magnesite 
developed in recent years in the United States. 

Steel plants in the United States are about evenly divided in 
regard to the merits of Austrian and American magnesites. Those 
who prefer the American magnesite claim that Austrian magnesite 
is non-uniform in size of grain and analysis. Others still swear by 
the original Austrian magnesite. Canadian magnesite is used by 
some plants along the Great Lakes and in practically all Canadian 
plants. A new product, sea-water magnesite, is produced and used 
on the Pacific coast. It is manufactured from the by-product 
liquor resulting from salt manufacture by the solar evaporation of 
sea-water. Another product, by the name of ‘“ Thomasite,”’ is 
used quite extensively. Its base is natural magnesium hydroxide 
mixed with dolomite, which are ground together and then dead- 
burned. 


Trend in Slag Control. 


During the past decade a great amount of work has been done 
on open-hearth slags in the United States. The complexities of 
this problem are such that much development work must still be 
done before slag control becomes an established practice. In 
recent years steel plant operators and metallurgists have become 
more and more convinced that the utilisation of this control will 
improve the quality and uniformity of the steel. 

There are a number of advantages, particularly from a quality 
standpoint, to be derived from a slag control programme. Steel 
producers are facing keen competition, and the demand for quality 
steels becomes more insistent each day, no matter whether struc- 
tural, rail, wire, sheet, tube or other steels are being produced. 

A well-developed control programme should improve the quality 
at very little increased cost of the ingots, and should narrow the 
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spread in the standard limits of acceptable quality and analysis. 
More heats will meet specifications and there will be greater uni- 
formity from heat to heat. Higher yields should result without 
affecting the tons per hour of the shop. Such a programme, of 
course, is no cure-all for careless or faulty practice or poor judgment 
on the part of the melter. It is merely an additional tool in the 
hands of the furnace group. 

Great advances have been made in improving mechanical equip- 
ment, furnace controls and refractories, but advances in metallur- 
gical control have not been so rapid. Fully killed high-carbon 
steels were the first to be studied. One company has successfully 
used a system of slag control for several years. Only recently has 
this subject received attention from the companies making low- 
carbon grades of steel. 

Most control programmes start first with the open-hearth 
charge. Early investigators ignored this point, but recent experi- 
ments in several shops indicate that for all grades of quality steel 
the constituents of a charge going into the furnace must be controlled. 
This involves many factors, such as the weight and bulk of the scrap, 
the analysis of the scrap and pig iron or hot metal, the limestone 
additions, and the age of the furnace. Both the carbon and silicon 
equivalents of the charge must be taken into consideration. 

Painted, enamelled, galvanised, detinned, as well as scrap con- 
taining a high percentage of silicon, or very rusty scrap, must only 
be used in the manufacture of very common grades of steel. 


Controlled Charge. 


In some plants restricted ranges of pig-iron or hot-metal analyses 
are used in the manufacture of quality steels. Casts outside of 
these ranges are “ pigged ”’ and used later on in the furnace charges 
in small amounts. 

In other plants, it is common practice to take the pig iron pro- 
duced by the blast-furnaces within reasonably wide analysis ranges 
and correct the variations in analysis by balancing the proportions 
of pig iron, scrap and fluxes charged into the open-hearth furnaces. 
It is desirable, as far as possible, to maintain a constant relationship 
from heat to heat between the weight of each type of scrap used in 
a controlled charge. This ensures a more uniform melting practice. 
Control of the lime/silica ratio in the final slag completes the 
practice. This ratio is known to vary over rather wide ranges. 
Some shops use a ratio as low as 2:1 for medium-carbon steels, 
while others go as high as 3-5 : 1 on low-carbon strip steels. 

The details of controlled practices vary from shop to shop. The 
following factors govern some of the variations : The grades of steel 
produced ; the fuels and refractories used ; the raw materials avail- 
able ; the manner and rate of charging ; the size of the heat, and the 
melting and refining of the heat. 
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Slag Control Tests. 


The second step in a slag control programme involves the use of 
various tests to determine the condition and analysis of the slag, 
and what must be done to produce the desired kind of slag. The 
tests in general use are: The viscosity test, the slag fracture, slag 
analysis, and analysis of killed-metal bath samples. Tests must be 
taken under uniform conditions so that results can be reproduced, 
especially where slag viscosities or slag fractures are involved. 

Although metallurgists recognise that the viscosity of a slag is 
of great importance in making steel, there is still no entirely satis- 
factory routine method for determining its actual viscosity values 
and their relationship to the quality of steel being made. The 
viscosity test which is generally quoted as being satisfactory is 
made by the use of a Herty viscosimeter. The split iron mould, 
as shown in Fig. 19, gives best results. The viscosity is measured 
by the distance that the molten slag, which has been dipped from 
the bath with a hot spoon, flows into the long narrow tube of the 
viscosimeter. This test measures how far slag will flow before it 
solidifies. It is therefore a measure of the combined effect of the 
viscosity and rate of solidification. It is quite generally recognised 
as the best practical method available for measuring the viscosity. 
At the best, however, it is still subject to many variables which 
affect the fluidity. 

Slag fractures have been shown to be of great value, and do not 
seem to be as sensitive to variations in sampling as the viscosity 
test. Slag cakes are poured into shallow, flat pan-cake-like moulds. 
By observance of the colour and appearance of the surface of the 
cake and its fracture, it is possible to estimate the iron oxide con- 
tent and basicity, and approximate the lime/silica ratio of the slag. 
Some operators claim to be able to indicate the phosphorus and 
manganese content of the slag by this method. 

No system is entirely free from the need for chemical analysis. 
Rapid methods have been developed for silica determinations in 
slags. Iron oxide, either as true FeO or as total iron calculated as 
FeO, must be determined on slag samples at various stages of the 
heat. Killed-metal bath samples are readily taken with a split 
iron mould as shown in Fig. 20. A coil of aluminum wire is placed 
in the mould. A small light-gauge sheet-steel cap is placed on top 
of the mould, which is inserted into a long holder. The mould is 
then rapidly plunged through the slag into the metal bath. The 
cap melts, and the aluminum wire in the mould completely de- 
oxidises the metal as it flows into the mould. This type of test 
ensures a much cleaner and more representative sample than older 
methods. The method for the analysis of the alumina residue has 
been so highly developed that the oxygen content of a metal bath 
may be known within } hr. after taking a test. Carbon is usually 
determined in the same test sample. At times MnO, SiO,, PO; 
and CaO values are also determined in slags. 

1938—ii cc 
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The next step in slag control requires an accurate knowledge of 
bath and slag temperatures. Considerable work has been done on 
various methods for taking the temperature, but, as stated before, 
the two in common use are the old-fashioned steel rod cut and the 
spoon tests. The operator needs a method which will give him a 
more accurate indication of metal temperatures before tapping the 
heat. Perhaps the Fitterer pyrometer will be developed to meet 
this need. 

The use of the petrographic microscope in studying slags is 
gaining in popularity. Owing to the need for the preparation of 
thin sections, this type of test cannot be used for control purposes. 
It does, however, offer means for studying slags to find out the 
mineral constituents, which cannot be done by a chemical analysis. 
This instrument may become a valuable tool to correlate a known 
slag fracture with its proper mineral constituents. 

Materials available for correcting the slag composition include 
burnt lime, mill scale or iron ore, fluorspar, ferro-silicon and sand. 
Proper interpretation of the various control tests determines which 
to add as well as when, and in what quantity. 

In all of these tests the object is to furnish the operator with more 
definite information than can be obtained by visual observation 
alone, and thus arrive at a slag composition which is most suitable 
for the grades of steel being made. 

The final, but probably the most important, step in the control 
programme involves selling the quality control idea to the metal- 
lurgical organisation, and training the operating men. The need 
for uniformity of sampling is self-evident and it can be standardised. 
Interpreting slag fractures and viscosity tests is more difficult and 
requires practice. It is unfortunate that, since most slags tend to 
slake and change colour as well as lustre, no standard samples can 
be kept for reference for any length of time. 


Trends in High-Carbon Steel Manufacture. 


Prior to the World War in 1914, it was not generally accepted as a 
fact in the United States that high-quality steel could be made in 
a basic open-hearth furnace. War demands forced research work 
and development of practice, so that quality was greatly improved. 
During this period, it was proved that high-carbon quality steels 
could be made successfully in basic open-hearth furnaces. In those 
days quality standards were low compared with those of the present 
day, but as the requirements for high-tensile steels, balanced steels 
and other high-grade steels increased, the quality improved. 

Quality practice increased the cost of the steel ingots, but the 
improvement justified a higher selling price for the product. This 
change permitted the use of the hot-top and, later on, the inverted 
or big-end-up mould, which guaranteed a completely sound bar 
with an economically profitable yield. 

Further improvement in these quality grades has been made by 
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eliminating steel made by the duplex process, and high-ore-charge 
heats. Betterment in furnace operation also helped to improve 
the practice. 

Heats are now charged with selected, heavy, clean scrap, pro- 
portioned to melt high enough to allow for the proper shaping of the 
slag by the time the heat is ready to tap. 

At first heats were blocked before the tap with silicon pig iron, 
to deoxidise the heat partially and to hold the carbon content 
stationary until the chemical test could be made. Later, more 
rigid requirements for quality indicated that this practice was 
inadequate, and it became necessary at this stage of the refining 
operation to use a mixture of ferro-manganese and silicon pig iron 
or, more recently, a silico-manganese or spiegeleisen addition. 
Care is taken to carry the bath at a higher temperature than is 
necessary before tapping, so as to neutralise the chilling effect of 
the deoxidisers and additions, and also to help impurities to rise 
rapidly into the slag. Iron oxide is kept low in the slag, and the 
residual manganese in the metal may be as high as 0-35%. Slag 
control has been adopted quite extensively in manufacturing high- 
carbon steels. In certain plants where high-carbon killed steels 
only are manufactured, they have been able to standardise on slags 
containing 6-8°/, of iron oxide. 

To help to control the grain size, aluminium is used in the ladle. 
Some plants find that an addition of ferro-titanium with the alu- 
minium helps to keep down the duplex structure. Recently, a 
complex alloy containing 45% of silicon and 7% each of vanadium, 
aluminium, and zirconium has been tried to help in the control of 
the grain size. 

In making these heats the carbon drop is regulated, sulphur and 
phosphorus are eliminated, and iron oxide in the bath is kept fairly 
uniform from heat to heat by regulating the iron oxide in the slag, 
the lime/silica ratio and the viscosity of the slag. 

The iron oxide in the ladle slag is said to affect the grain size of 
the metal as the end of the teeming is approached. Some operators 
before starting to teem a heat pour off the original slag and sub- 
stitute burnt lime to prevent any slag-metal reaction at the end of 
teeming. 

Heats are tapped at high temperature and allowed to cool in the 
ladle for 10-20 min. This period of time is usually controlled by a 
metallurgist with an optical pyrometer. Inverted moulds must be 
carefully cleaned and coated with coke-oven tar. The temperature 
of the moulds at time of teeming should not be above 150° F. It 
stands to reason that all pit operations must be carried on properly. 
Leaking or dripping stoppers will ruin the best efforts of the steel- 
maker. 

These controls have helped the open-hearth department to meet 
the demands of the automotive manufacture for cheaper and better 
steels, By the use of the “Tocco” method of hardening, carbon 
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steel may be used in place of alloy steel for some vital parts of 
motors. 

Recently, the ‘‘ Magnaflux ” electrical test has been used ex- 
tensively to check for seams, cracks and inclusions in steel for air- 
plane parts. This test shows whether the steel is free from seams, 
cracks, and subsurface inclusions. The chemical analysis of high- 
carbon quality steel must be kept within very rigid limits, so that 
the physical properties of the entire heat come within a close range. 

As aids to quality control in the manufacture of high-carbon 
killed steel several new hot-top insulators have been tried out in 
the last few years : 


> 


(1) Lunkerit is a powdered exothermic compound which is 
poured on top of the ingot to be treated. It ignites and creates 
considerable heat. Etch tests have shown that the resulting 
ingot has a good structure. The yield of prime product is said 
to be high. This compound is used in big-end-up and big- 
end-down mould practice. 

(2) Lapiz, like Lunkerit, is an imported product. It is a 
fireclay and carbonaceous compound which generates heat 
when placed on the top of the hot-topped ingots. This com- 
pound acts as an insulator and heat generator. Care must be 
taken to avoid carbon contamination in the top third of the 
ingot. 

(3) H. W. Hotop is a new hot-top insulation board, from 
1 in. to 3 in. in thickness. It is used with big-end-up or big- 
end-down moulds. No hot-top in the ordinary sense of the 
word is needed. The thickness of the board depends on the 
size of the ingot. The board is placed on the metal shortly 
after the ignot has been teemed. The teeming of the heat 
continues almost to the end of the drag of moulds. The ladle 
is returned to the first ingot, the ash resulting from the com- 
bustion of the Hotop is scraped away, and the external pipe in 
the ingot is filled with new metal. This same procedure is 
followed on all the ingots of the heat. The claim is made that 
the yield of good product from the ingot and the uniformity 
of the internal structure of the ingot are improved. 


While the $5 reduction in the price of rails several years ago was 
forced on manufacturers, actually improvement in practice, which 
increased the yields and reduced rejections, permitted this price 
cut to be absorbed by the manfacturers. 

In the manufacture of structural steels great progress has been 
made. Mr. W. C. Buell states that when he became active in the 
steel business thirty years ago, steel structures were designed on a 
basis of 16,000 lb. fiber stress. Recently, suggestions have been 
made to use 20,000 lb. fiber stress in steel plant buildings. This 
change can only come as a result of better steel quality and mould 
practice, 
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Foundry Steel. 


The Battelle Memorial Institute has recently completed an ex- 
haustive series of tests in trying to improve the quality of foundry 
steels. 

It has been known for a long time that aluminium is a valuable 
aid in preventing certain types of porosity in steel castings. These 
additions, however, have several disadvantages. Tests have shown 
that aluminium additions in certain proportions decrease the 
ductility of the cast steel. Mr. Comstock, in 1924, stated that the 
chain type of sulphides was produced by aluminium additions in 
cast steel, and he showed that they were coincident with low duc- 
tility. Messrs. Sims and Lilliequist substantiated a considerable 
number of his conclusions. Later, in 1938, Messrs. Sims and Dahle, 
after a lengthy study of this subject, summarised their conclusions 
as follows: In the deoxidation of medium-carbon cast steel, there 
is a critical quantity of aluminium which will produce minimum 
ductility and impact resistance. Sulphur quantitatively reduces 
ductility, regardless of whether or not aluminium is used. 

In low-sulphur (below 0-025%) cast steels aluminium additions 
of any amount are practically without effect on the ductility but 
may increase the impact resistance. 

Amounts of aluminium large enough to leave an excess, form 
aluminium sulphide, which lowers the solubility of the complex 
sulphides to the extent that they precipitate earlier as larger 
irregular masses, which give a ductility almost as high as when no 
aluminium is used. 

The effect of the aluminium is often masked partially by other 
factors which affect ductility, the most prevalent of which seems 
to be a type of embrittlement due to the presence of hydrogen. 


Rimming Steel. 


The almost universal practice of using high-scrap melting 
charges in the United States produces better steel than can be made 
by any other method. Some metallurgists and practical operators 
believe this may result from the multiple remelting of the scrap 
metal, which produces superior micro-physical properties in the 
steel products. 

Years ago high-quality sheets for the automotive plants were 
very difficult to make. Within the last five years rimming steel 
manufacture has been studied very intensively in the United States, 
particularly by those companies producing hot and cold strip steel 
sheets. Despite all the handicaps, rimming-steel ingots still pro- 
duce the best surface and drawing properties for deep-drawing 
high-finish sheets for the automotive trade. A great deal of the 
rapid development of this business can be traced to the development 
of control in the manufacture of rimming steels, which allowed a 
difficult grade of 1925 to become a commodity grade in 1938. This 
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type of steel is usually made in two grades: First, 0-03-0-05% of 
carbon and 0-25-0-35% of manganese, and secondly 0-06-0-08% of 
carbon and 0-35-0-45% of magnanese. The former will produce 
the best surface, but the latter will give better results on deep draws. 

The composition of the charge is very important. Heavy, 
clean scrap, preferably high in manganese and relatively free from 
non-ferrous metals, is required. The pig iron should be physically 
“hot” and within narrow specification limits. Several plants 
prefer 0-90-1-10°% of silicon, sulphur under 0-030%, phosphorus 
under 0-300°% and manganese 1-50-1-75%. From 8 to 10% of 
limestone is charged, depending on local scrap conditions. An 
attempt is made to have the heats finish with less than 0-025% of 
sulphur and under 0-12°% of copper for best drawing results. 

Heats must be charged rapidly, and melted so that enough ore 
can be worked through the bath to get the slag into shape for tap- 
ping. Fluorspar must be used sparingly. If too much ore is used 
the slag is apt to be too thin. [If little or no ore is used, the heat 
may be “cold’”’ and pig iron may have to be charged to create 
reaction. In either case poor-quality steel results. The former 
may make a scabby heat, and the latter is apt to show blisters and 
laminations. The bottom of the hearth must be kept clean and 
free from metal and slag accumulations. Bottom or bank “ boils ”’ 
are a menace to quality production. The tapping of a 170-ton 
heat of rimming steel is illustrated in Fig. 21. 

Aluminium additions must be made carefully. In the usual 
practice, most of the aluminium is added with the ferro-manganese 
in the ladle. Enough aluminium to balance up the reaction in the 
moulds is added by means of small paper bags containing weighed 
amounts of aluminium. In some plants, all the aluminium addi- 
tions to the moulds are placed in the bottom of the moulds. Others 
add the aluminium gradually as the mould is filled. 

If aluminium is not added uniformly in the mould, ingot cracks 
will result. Top-pouring practice is used universally, although 
several plants have tried bottom-poured steel practice. 

Tests made by Mr. K. C. McCutcheon and Dr. Chipman have 
indicated that the great majority of gas being evolved by a rimming- 
steel ingot is carbon monoxide. The lower the carbon, the more 
gas is evolved. 

Recent experiments in a number of plants have indicated that 
some improvement in internal structure may be obtained if the 
ingot is capped with a very heavy steel cap as soon as the primary 
solidification of the first 4—6 in. of the ingot skin has been completed. 
Some of these caps on large ingots weigh over 2 tons. Most plants 
use 1}-2-in. nozzles so as to slow down the teeming rate. This 
practice may increase the tendency to scabbing, but the internal 
structure is improved. Some plants use two nozzles in a ladle so 
as to decrease the total teeming time and thus minimise the ladle 
reactions towards the end of the pour. 
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Current practice for mould coating is divided almost evenly 
between a graphite spray and dipping the moulds in heavy tar or 
pitch. Care must be taken to apply the tar at the right temperature, 
300-400° F. Corrugated slab moulds are used almost universally 
to reduce surface breaks during rolling. 

One plant packs asbestos rope between the mould and stool to 
prevent fins and consequent “hangers.” In another plant the 
bottom of the moulds and stools are machined for the same purpose, 

In recent years, sodium fluoride has been used in the United 
States to help improve the rimming action of low-carbon and 
medium-carbon steels. In fact, a few ounces per ton when placed 
in a 0-20-0-25% carbon rimming steel ingot at the time of teeming 
will very materially improve the rimming characteristics of the 
metal and improve the internal structure of the bottom part of the 
ingot. 
M. Devaney, of South Chicago, states that ingot cracks which 
show up occasionally in the rolling of rimming steel may come 
primarily from excessive pouring speed, high temperature of casting, 
high mould temperature, incorrect delivery time of the ingot, the 
time in the pits and the soaking time, as well as from heavy drafts 
in the early stages of blooming or slabbing the ingot. One plant 
manager reported that by actual count rimming ingots had three 
times as many cracks on the top surface of the slab after blooming, 
indicating a danger of faulty rolling and heating practice. 


Acid Open-Hearth Steel. 


The acid furnace is used to produce steels which require acid 
metal practice to be of proper quality. 

Steels which are required to have high physical properties in 
tests taken transversely from forgings are peculiarly the product of 
acid furnaces. In this class may be placed various ordnance 
materials, notably gun forgings, and projectiles, as well as large 
commercial forgings requiring high transverse ductility. In addi- 
tion, forgings requiring an extremely hard surface, polished and 
free from imperfections, are usually made by the acid process. 

Fundamentally, slag control in acid open-hearth steel practice 
cannot be considered from any different viewpoint than that in 
basic steelmaking. The same laws of mass action and distribution 
apply in both cases, so that the principles involved in basic open- 
hearth slag control are also applicable to acid steel control. The 
chemistry of the steel and the slag, of course, are different. 

At the very outset, the preparation of the slag in acid and basic 
practice differs. Unlike the basic open-hearth practice, nothing is 
added in an acid heat to produce a slag when the heat is all molten. 
In acid practice, the slag volume is much less than in basic practice. 
The slag formed during the melting operation is made up almost 
entirely of the oxides of elements contained in the metallic charge, 
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namely, oxides of iron, manganese, and silicon. The silicon in the 
slag is augmented by erosion of the furnace linings. 

A typical acid open-hearth slag, when the bath is completely 
melted, will have approximately the following analysis : 


Slag. Metal. 
CaO. SiO, FeO, FeO. Al,O, MnO. MgO. 0. Mn. Si. 
%- %- %- %: %- %- %- %- %- %- 
3-4 51-9 1:3 28-9 1:8 12-2 1-7 1:34 0:73 0-28 


At this point the metal is high in carbon and some manganese 
and silicon will be present, depending on the amount in the original 
charge. The slag being high in iron oxide, and the bath high in 
carbon, with rising furnace temperature there is a normal reduction 
of iron oxide by the carbon in the bath. As the carbon of the metal 
is reduced and the iron oxide in the slag is lowered, the colour of 
the slag changes from black to brown and then to yellow, and finally 
to a light colour, the tint of which is affected by the amount of 
manganese oxide present. The speed at which this change takes 
place depends on the operation of the furnace and the maintenance 
of a proper balance of the air/fuel ratio, to avoid, on one hand, 
conditions that are too oxidising, and, on the other hand, loss of 
temperature. 

Since the addition of some ore is desirable, it is necessary to clean 
up the slag, so as to be able, during the oreing period, to estimate 
the proper rate at which to add the ore. It may be desirable to 
hasten the conditioning of the slag by adding carbon in the form of 
coal to reduce the iron oxide in the slag. In order to maintain a 
slag of the proper physical characteristics, some limestone is also 
added. Ore added properly should not increase the iron-oxide 
content of the slag. When the carbon has reached the desired 
point, silicon is reduced from the slag, causing a pick-up of silicon 
by the bath. An addition of ferro-silicon is made at this point in 
the heat to hold the carbon. This is the end-point in the condition- 
ing of the slag. The slag composition will be : 


CaO. %. Si0,. %. FeO. %. Al,0;. %. MnO. %. 
8-2 61-0 13-6 2-2 12:8 


Experienced acid open-hearth men can tell by pouring a test 
when the end-point has been reached. In modern practice the 
melter checks his judgment by a chemical analysis. In addition, 
the melter notes the approach of the end-point by the appearance 
of the slag and the fact the slag lies flat and motionless. 

From the time of making the ferro-silicon addition to the tapping 
time of the heat, changes in slag composition are of minor import- 
ance and arise from whatever oxidation may occur as a result of the 
final additions made to a heat to meet chemical analysis. 
The history of an acid steel heat is given in Table VI. 
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TaBLeE VI.—History of an Acid Open-Hearth Heat. 












































Slag. | Metal. 
CaO. | SiO,. | FeO. | Al,O;. | MnO. | MgO. C. Mn. Si. 
% %- % | %- %- %- %- %- %- 
10.40 A.M. melted . 3-40 | 51-90 | 28-86 1-82 | 12-22 1-65 1-34 0-73 0-275 
10.55 A.M.-12.30 P.M. 
added ore. 
12.30 P.M. added 
lime. 

1.00 P.M. e e 5-30 58-70 | 19-40 2-08 12-50 1-72 ove eee 

1.30 P.M. ° ‘ 8-20 60-95 | 13-64 2-15 12-76 1-80 0-65 0-07 0-02 

2.00 P.M. ° ‘ wen eee ese ee 0-56 0-07 0-02 

added Mn and Si . wal eb ons ous “i sae + 0-80 0-16 

2.40 P.M. e . 9-10 61-16 | 12-43 2-25 13-00 1-85 ees ese eee 

Final analysis sce ove ese vee | dee 0-57 0-73 0-25 























Personnel. 


American industrialists are realising more and more each year 
that no matter how elaborate the equipment, no matter how well 
developed are the methods of manufacturing steel, best results 
cannot be obtained unless they have the loyal co-operation and 
intelligent support of their workmen. Much time and effort has been 
spent in training men not only how to do the job, but also in company 
policies. 

In order to create better relations, companies have spent thou- 
sands of dollars building and equipping departmental personal 
service stations, which contain modern sanitary locker rooms, 
wash and bath rooms, and in several instances conference rooms 
where the foreman or superintendent may meet his men to discuss 
company and departmental problems. 

Years ago a great many companies employed a large number of 
foreigners, particularly in the open-hearth departments. It was 
almost impossible to interest American men in this operation as long 
as the 11- and 13-hr. shifts continued. During the last ten years 
this situation has changed, and a great many young Americans 
have been brought into the open-hearth department. They are 
often the sons of the foreigners who operated the plants one to two 
decades ago. In fact 70% of all the men who guide the destinies of 
steel from the open-hearth department to the shipping floor are 
now native-born workers. A great deal of educational work has 
been done among these same foreigners. They have been taught 
to speak English, and a recent report by the American Iron and Steel 
Institute reveals the fact the 90% have become American citizens. 
Steel workers’ education is about in line with the national average. 
Their earnings are considerably above the national average. Three 
out of four own automobiles. 

In years gone by open-hearth operations were very hazardous. 
Where men are handling molten steel in large quantities, burns, 
explosions, falls and other injuries are always apt to occur. Open- 
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hearth managers have placed every safety guard possible around 
machinery, and practices have been developed to reduce the pos- 
sibility of accidents to a minimum by close inspection of equipment 
and by the use of powerful grab buckets, oxygen, magnets, hoppers, 
and other mechanical aids to reduce hand labour. 

Open-hearth men have been given goggles, asbestos and steel 
hats, asbestos coats for tapping steel, heat-resisting aprons for 
teeming steel, safety shoes to prevent damage from falling objects, 
leggings and special gloves for hand work. 

But what is most important, the individual is instructed in first 
aid and safe practice and given to understand that his safety 
depends on his own personal interest in and attitude towards 
protecting himself from accidents. 


Conclusion. 


Ingot quality is relative. It includes chemical composition and 
physical structure, as well as behaviour in the customers’ plants. 
The practice that will make good steel ingots for one customer may 
not be suited to the mill equipment or needs of another user of steel 
products. 

The steelmaker must learn the requirements of each class of 
commodities to be made by his company, and, knowing the limi- 
tations of his equipment and raw materials, he must so adjust his 
technique as to produce ingots which will meet the needs of the trade. 

The greater the variety of products sold by his company, the 
greater must be his versatility in making different grades of steel 
to meet these demands. 

Shorter hours and labour-saving devices have attracted higher 
types of men. Molten steel is alive; it is dynamic; it must be 
controlled! A man who has had the responsibility of making steel 
feels that he has gained the mastery of great forces of nature and 
bent them to his will. 

Success in the manufacture of steel depends on proper planning, 
proper raw materials, adequate and flexible equipment, and trained 
loyal personnel. It means close attention to details. The open- 
hearth melter’s life, even after all the modern conveniences have 
been installed, is not a bed of roses. Nevertheless, it presents an 
unending panorama of changes and variety of experiences, which is 
the spice of life to a dyed-in-the-wool steelmaker. 
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MODERN ROLLING-MILL PRACTICE IN 
AMERICA (EXCLUSIVE OF CONTINUOUS 
STRIP AND SHEET MILLS).* 


By QUINCY BENT (Bernirnem, Pa., U.S.A.). 


(Figs. 14 to 36 = Plates LY. to LXXI.) 


ABSTRACT. 


The author describes the scientific steps taken and the methods 
developed for the rolling of steel to finished product as practised in 
the rolling mills of the United States. 

The paper is divided into two main parts; the first is a synopsis 
of the subject, stripped of any unnecessary detail, while the Appendix, 
forming the second part, consists of separate chapters, more complete 
in detail, for the reader who has more than a casual or passing interest 
in the subject. 

It is impossible in the scope of the paper presented to go into a 
great amount of detail, but some problems are discussed which have 
a general interest. Attention is called in the paper to the fact that 
the heating of steel ingots and the semi-finished products in the 
rolling operation is reduced to a definite science; studies of the most 
adaptable types of heating furnaces and suitable fuels are being 
made constantly. Application to these furnaces of instruments to 
control the atmospheric conditions and temperature is now the 
general practice. 

Mention is also made in the paper that in recent years the 
development of rolling-mill machinery has been brought to a high 
degree of engineering perfection, looking towards products of more 
uniform qualities to meet the ever-increasing demands of the steel 
consumer. Rolling mills of different designs are described in a 
concise manner, the type of mill best adapted in its operation for 
rolling the different classes of product being fully explained. 

Contributing largely to the recent improvements and successful 
operation of rolling-mill machinery in America has been the develop- 
ment of the electric motor and its control for driving mill stands. 


THE field suggested by the title of this paper is so broad that its 
presentation becomes a very difficult matter; to be complete it 
would be filled with monotonous references to dimensions, diagrams, 
tables and statistics, yet their entire omission would fall short of a 
comprehensive review of the subject. For this reason the author 
has resorted to a somewhat unconventional procedure. The paper 
itself is a synopsis, stripped as far as possible of unnecessary details, 
yet touching upon the whole title, while in the Appendix will be 
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found separate chapters, more complete in detail, for the reader 
who has more than a casual or passing interest in modern rolling- 
mill practice in America. The author is omitting purposely any 
detail reference to the continuous strip mill, which is a subject 
fully deserving of separate consideration. 

Back of this subject is a fascinating history, names of courageous 
engineers who failed and succeeded, the trail of a long road of steady 
progress—beginning with the transition of the forming of steel 
under the forge hammer and extending to the flat or grooved roll 
to produce a desired section. One has only to look upon the mills 
of half a century ago and then to walk through a modern mill of 
to-day to realise the advance in the art as well as the trials and 
tribulations that must have confronted the pioneers and the 
contributors who have gradually evolved this efficient tool—the 
modern rolling mill—with which we shape 90% of our steel products. 

For a complete comprehension of the rolling of steel we should 
start with the consideration of the ingot, with which the operation 
begins, following through to the finished product, which leaves the 
plant as a commodity for immediate use or for further fabrication 
in form and shape for ultimate consumption. 


The Ingot. 


No one who has had intimate operating or metallurgical contact 
with the steel plant can have a high regard for the ingot as a scien- 
tific step from molten steel to the finished product. The ingot is a 
metallurgical sin, the cause of interior defects and lack of homo- 
geneity, a waste of sensible heat and the creator of scrap material 
in the form of scale loss and discard that is not countenanced to an 
equal degree in any other industry, except possibly in the lumber 
industry where the tree is sawn into rectangular products, the bark 
and culls are eliminated and the bottom and the top of the tree are 
thrown away. 

We all experience the same routine, day after day, making 100 
tons of a carefully controlled metallurgical product and shipping 
from it not more than 75 tons of saleable steel. A plant of 1,000,000 
tons annual ingot capacity will handle and recirculate over 200,000 
tons of its own scrap per year. Add to this count of inefficiency the 
fact that we are dealing daily with troubles of piping, segregation, 
surface defects, corner weakness and gas inclusions directly chargeable 
to the ingot as it is made to-day, and the cost of the transgression 
is a most astounding sum. 

A rough top and bottom discard is taken at the primary mills, 
usually 3 or 4% from the bottom of the ingot and 10-15% from the 
top of the ingot. This, of course, goes directly into scrap for 
remelting. 

In many cases of both slabs and blooms, a further top cut is 
taken to ensure the elimination of less uniform material, and this 
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discard slab or bloom, or in some instances billet, is diverted, if 
possible, for subsequent conversion into a less important product, 
where requirements of quality are less exacting. 

It is fair to assume that an average overall yield on rolled steel 
products is from 70 to 72% from the ingot to shipment. With our 
costs of material and labour, each per cent. of increased or decreased 
yield will affect our average costs from 20 to 40 cents per ton, and 
this figure does not take into consideration the profit that would 
accrue as a credit on the additional tonnage of saleable product. 


Heating of Ingots. 


Our ingot pits are in reality heating furnaces. The term “ soak- 
ing pits ”’ is an inheritance from a discarded practice. Ingots, after 
being poured, should in most cases stand long enough to solidify. 
When removed from the mould the outside of the ingot is at a much 
lower temperature than the interior, the corners being at the lowest 
temperature. It is the function of the pit to raise the temperature 
uniformly to the proper rolling heat; for economy in fuel and ton- 
nage output this must be done as rapidly as the rise in temperature 
will permit without damaging the steel and in an atmosphere that 
will produce a uniform scale without oxidising or cutting the ingot 
corners. The flow of the heating medium must be so distributed 
as to bring uniform heating to all of the ingots in the pit, whether 
four or more. 

Ingot heating to-day has been reduced to a definite science 
both as to proper temperature for internal structure and plasticity 
for rolling as well as to atmosphere for the control of scaling and 
decarburisation. Schedules are carefully worked out which pre- 
scribe the proper heating procedure for the various sizes of ingots 
and chemical composition, depending upon the qualities desired in 
the finished products. 

Producer gas, blast-furnace gas or a combination of blast- 
furnace and coke-oven gas are most frequently used for fuel; oil is 
used to some small degree ; and some experimentation is under way 
with electric heating. It is generally accepted that the best fuel 
is a combination of blast-furnace and coke-oven gas of about 
125 B.Th.U. This gives a soft flame of good heating value, and per- 
mits fast working pits with minimum damage to the steel. The 
best heating practice of the steel plant is accomplished in the pit 
where the steel, being hotter in the centre, permits an easier equali- 
sation of temperature than is practicable where cold steel is heated 
and ‘where all of the heat must be driven from the surface to the 
centre of the section. 

The conventional 4-hole pit, each hole taking 4 or 6 ingots, will 
have a heating capacity of 10,000-12,000 tons of steel per month, 
the heating time of the ingot being about 2-4 hr. This, of course, 
pertains to hot ingots delivered regularly from the open-hearth or 
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Bessemer. The average size of so-called rectangular ingots is about 
22 in. X 25 in. and slab ingots 21 in. x 41 in., usually about 76 in. 
in height, weighing about 14,000 lb. Ingot temperatures for rolling 
generally observed by optical pyrometers vary from 1800° to 2400° 
F., the lower ranges being used for alloy steels. 


Rolling of Ingots. 


Our primary roughing mills fall into two classes : ‘“‘ Bloomers ”’ 
and ‘‘slabbers,”’ to use colloquial terms. Most of them are two- 
high and motor-driven, which modern practice requires. They are 
heavy mills, ruggedly constructed, ample in power for heavy drafts 
and quick to accelerate to high speed, as well as astonishingly rapid 
in reversal cycles. They are equipped with powerful, quick-acting 
screwdowns and electrically actuated manipulators. The controls 
are ingeniously arranged and inter-connected, so that two pulpit 
men can operate the mill without difficulty. A very interesting 
recent innovation is the double motor drive, one motor being con- 
nected direct to the upper roll and the second similarly connected to 
the lower roll. These motors are electrically synchronised and con- 
trolled so as to eliminate mill pinions entirely. 

The slabbing mill differs from the blooming mill principally in 
the introduction of side rolls, separately motor-driven, and so 
arranged that they can be moved in and out in the vertical plane, 
varying with the width of the slab to be rolled. The rolls themselves 
are generally cylindrical, as contrasted with the grooved and bull- 
head roll of the bloomer. With this difference they can, however, 
in principle, be classified together. 

The introduction of the continuous strip mill has placed special 
emphasis on the production of slabs. When one of these strip mills 
rolls 90,000 tons of product in a single month, all made from slabs, 
one can readily visualise the necessity for proper slab-producing 
facilities, either in the form of a high-lift bloomer to produce wide 
slabs or the large slabbing mill, as an important unit in the steel 
plant. 

These primary roughing mills must be of large capacity and 
be built for uninterrupted operation, since virtually all of the 
steel output of the plant must flow through them to the various 
finishing mills. In them is concentrated as the focal point of opera- 
tion the production of the open-hearth furnaces and the Bessemer, 
and from them is supplied the semi-finished steel for subsequent 
operations, practically a continuous flow of steel so dependable that 
there is little necessity for reserve storage in the form of ingots 
ahead of the mills and correspondingly little capacity for accumu- 
lation in the forms of blooms or slabs after the roughing units. 

It is quite common practice to supplement these primary mills, 
especially the blooming mill, with what might be called secondary 
semi-finishing mills. These are usually continuous mills, the function 
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of which is to produce rod billets, bar billets, sheet bar and skelp. In 
some instances this secondary mill is in reality a second but smaller 
blooming mill with or without reheating prior to rolling, depending 
upon the nature of the product considered. These are usually re- 
versing mills, similar in all respects to their larger brothers but 
producing from large blooms or slabs smaller cross-sections of rect- 
angular or shaped blanks such as are used for large structural or 
sheet-piling products. This intermediate mill, if reheating is in- 
troduced, is especially adapted where wash-heating is required to 
improve the surface quality for forging stock, seamless-tube rounds 
and rails. 


Preparation for Final Rolling. 


At the finishing end of these mills is usually a moderate-sized 
stock inspection and shipping yard through which the material 
passes on its way to further rolling operations. Although it is 
common practice in the larger structural and rail mills to deliver the 
bloom directly with or without reheating on to the finishing mills, 
in the majority of cases the steel, after leaving the semi-finishing 
mills, is allowed to become cold, and in many instances is at this point 
check-analysed for assurance as to its suitability for the intended 
purpose. 

Before entering the finishing mill reheating furnace, semi- 
finished steel is usually subjected to surface inspection, chipping, 
often pickling and chipping, or flame scarfing by the use of the oxy- 
acetylene torch, planer chipping or grinding. The extent of this 
preparation is a much disputed question—first, as to the cause of 
the defect, whether it be of steel quality or a mill defect, and then, 
as to the justifiable cost of such preparation as related to the re- 
sulting salvage. On the more expensive alloy steels, where a 
perfect surface is required, a preparation cost of $5 or $6 per ton 
may be warranted, whereas in the more ordinary grades of steel 
not more than $0.50 to $1.00 can be absorbed. There are times 
when this inspection of semi-finished material will disclose the 
necessity for the rejection of a whole heat of steel and a diversion, 
if possible, into some other product. When working to particularly 
close metallurgical limits, a whole heat may be set aside, and the 
question of misfit heats becomes a problem, particularly in special 
chemical ranges where there is little opportunity for application 
on another order, owing to the analysis, cross-section and length 
of the semi-finished product. 

It is excellent practice for a plant manager to review frequently 
this so-called stock of misfits; otherwise he will find himself 
embarrassed at the end of an inventory period with a stock of 
unusable steel. 

Finishing mills for the rolling of steel products may be classified 
in the following groups: Plate mills, structural section mills, rail 
mills, bar mills, rod mills, sheet mills, and tin plate mills. Here, 

1938—ii DD 











402P BENT: MODERN ROLLING-MILL PRACTICE IN AMERICA. 


again, the author must stipulate a further limitation in this paper 
by omitting the consideration of lap- and butt-weld pipe mills, 
seamless tube mills, wheel and axle mills and other speciality 
operations involving only more or less of the conventional steel 
mill-rolling processes. 


Final Heating. 


Two types of heating furnaces are usually employed in the final 
heating of steel for finishing mills—the continuous furnace and the 
hearth-bottom furnace. Generally speaking, a continuous furnace 
is adopted for heating cold steel where the section will permit 
pushing the steel through the length of the hearth required, while 
for thin slabs and hot steel a hearth-bottom furnace is more practical. 
Again producer gas, blast-furnace and coke-oven gas, natural gas 
and oil are commonly used. 

Uniform heating is an essential for accurate sections. On high- 
carbon steels the prevention of decarburisation is an exacting 
requirement. We have learned much about proper heating 
temperatures for rolling certain sections and analyses. Practically 
every mill is now equipped to control these temperatures, and 
records them as means of check on the performance of the steel in 
subsequent processing. Much time and thought have also been 
given to the cooling of products after rolling. Rails are an out- 
standing example of controlled cooling ; similar care is exercised on 
high-carbon and alloy steels after rolling. Scale conditions on the 
finished product have been greatly improved by the use of high- 
pressure water in the form of sprays on the piece during rolling. 


Rolling to Section. 


Frequent section gauging, both by the roller and by the hot-bed 
inspector, keeps us to narrower ranges of tolerance. Variations are 
objected to by our customers, not only for under- and over-weight 
differences, but also because of the cost of finishing, such as machin- 
ing and grinding, as well as irregularity in results when working 
in dies, either hot or cold. The demands of our market are gradually 
forcing us to almost a machine finish on our products. All of this 
spells for the rolling mill more rigid machinery, better bearings, 
more frequent roll changes, and constant, intelligent supervision of 
every detail of the rolling process. 

Mill bearings and their lubrication have always been a problem ; 
great advance has been made in this respect. One need only 
mention pressure oil bearings, roller bearings and special composition 
bearings, and particularly the non-metal bearings, beginning with 
the wood lignum-vitze and now bakelite resin composition, water- 
lubricated, resulting not only in a saving in bearing renewals, but 
also in lubricants and power, and giving greater accuracy of 
section. 
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Plate Mills. 


Sheared plate mills are generally of the three-high type. The 
largest in America, however, 206 in. in width, is of the four-high 
type. In many cases slab ingots are used instead of slabs, and the 
plate mill then performs both roughing and finishing functions. 
For the normal mill, however, slabs are used on account of the ease 
of heating the thinner piece as well as the facility in rolling from the 
thinner section and the greater rolling accuracy. 

The three-high single-stand plate mill has two principal 
objections. It makes use of the same rolls for roughing and 
finishing, and, owing to the width of the mill and the spring of the 
rolls, there is a necessary variation in the thickness of the plate 
gauge from the edge to the centre. With the advent of the wide 
strip mill for sheet sections, it is becoming general practice to pro- 
duce plates from this unit up to in. in thickness, to the width 
limit of the mill. Good performance can be obtained on sizable 
orders of similar gauge and width, but by its nature the strip mill is 
not well adapted to miscellaneous jobbing orders. Again, the speed 
of the mill yields large tonnages, and ample finishing capacity in the 
way of shears, trimmers, &c., must be provided in the plate finishing 
area in order that the output of the mill be not severely restricted. 

Plates made by the continuous process have the advantage of 
closer gauge uniformity and improved surface quality. Where 
there is a market for the tonnages that such a unit can produce, we 
will find in this country the opportunity for a few of these continu- 
ous plate mills to be installed. In fact, the recent installation of a 
modified form of a continuous plate mill in the Pittsburgh district 
marks the advent of this type of sheared plate mill in American 
practice. 

Universal plate mills are generally two-high reversing, motor- 
driven, rolling up to 48-60 in. in maximum width and down to 
8-12 in. in minimum width. The products are plates and pipe 
skelp, although there are some cases of the use of these mills in this 
country as roughing units for continuous strip mills, thereby reducing 
the capital cost of the strip layout but limiting the combination to 
the capacity of the universal roughing mill. Recent progress in 
this type of mill has included improvements in hearth-heating 
furnaces, electrical and mechanical details, as well as advances in 
hot-bed straightening for camber and easy and efficient handling 
of the product. A considerable part of the desirable tonnage has 
been transferred from the universal plate mill to the continuous 
strip. mill, and the author does not look for any great development 
of this unit in future schedules of mill construction. 


Structural Mills. 


This group of mills must really be divided into three classes : 
Wide-flange mills, standard structural mills, and small structural 
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mills. For large structures and high buildings there is so much 
advantage in wide-flanged sections as compared with riveted or 
built-up sections made from plates and angles that their use in this 
field is generally conceded. Hence we find in America the large 
heavy column beam and girder sections reaching in weight up to 
426 lb. per linear foot. These mills are really universal mills with 
side rolls in the vertical position for performing the work on the 
flanges. They are electrically driven, with automatic electric con- 
trol for pass reduction, rolling direct from the ingot, which is of 
rectangular section for the smaller sizes and of a shaped section for 
the larger pieces. Rolling speeds are high and production on good 
schedules runs into large figures. 

Large structural mills are usually those of 26-30 in. dia. pinion 
housings, capable of rolling angles up to 8 in. x 8 in. and beams and 
channels up to 20 in. in width. Usually they are three- or four- 
stand, three-high mills, the piece being manipulated and progressed 
by travelling and tilting tables. In many large structural mills 
there is a preliminary roughing mill, usually two-high reversing, 
preceding the three-stand table mill, which performs the service of 
shaping the blanks and avoids the complication of special rolls on 
the main blooming mill. In many cases these standard mills are 
capable of rolling miscellaneous sections in addition to structural. 
They produce rounds, squares, flats, as well as tie plates, splice 
bars and rails. They are not large production mills in the sense of 
a continuous mill capacity on account of moving tables and manipu- 
lators, but do serve an excellent purpose in covering a wide range of 
sizes and sections. 

Small structural mills are of three types, the continuous mill, 
the cross-country mill and the Belgian-type mill. In reality they 
are a combination bar and structural mill, usually varying in size from 
12 in. to 20 in. in pinion diameter, with continuous heating furnaces, 
as contrasted with hearth furnaces on the larger structural mills. 

For a complete range in the structural field, the combination of 
mills adopted would be 12-in.-18-in.-28-in. standard mills and a 
48-in. broad-flange mill. The capacity of this group would be 
80,000-100,000 tons of structural material per month. 

While perhaps not a part of the technical aspect of this subject, 
mention should be made, however, of the possibilities of strip steel 
cold-formed, or welded, or both, in replacing hot-rolled steel sections. 
Where contours, weight and the effective distribution of the metal 
are important factors we can expect to see a substantial substitu- 
tion of these cold-formed products in the lighter sections. One 
would hope that this trend means not merely a transfer of tonnage 
from one mill to another but an increase in the general use of steel, 
permitting it to take the place of materials other than steel in 
building construction and similar applications. 

It would be well to stress the effect of mill capacities upon the 
handling, storage and shipping facilities of American plants. 
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It is extremely important to be able to feed such mills with an 
ample supply of well heated steel, and equally obvious that provision 
must be made for taking the rolled products away from the mill. 
With all of the various sections, different length cutting and straight- 
ening, and mixed carload shipping, stocks must be carried, and liter- 
ally hundreds of railroad cars and auto trucks must leave the plant 
each day in busy times. The customer wants on each car exactly 
the right number of pieces of the length and section to fit his fabri- 
cating schedules. If there is any lack of capacity in the total 
American structural unit, it should be in the mill itself and not in 
the heating and finishing departments. 


Rail Mills. 


The majority of American rail mills work from a reheated bloom 
and are similar in general to the large structural mill, with, of course, 
the exception of the hot beds and finishing department. As rails 
have increased up to 152 lb. per yard, mill machinery has been 
substantially increased in size, strength and weight. Much more 
care is taken in controlling heating and rolling temperatures and 
the accuracy of section to conform to template. The questions of 
fishing space and height of rail, as well as the accuracy of splice 
bars, and even tie plates, are approaching limits that involve most 
precise rolling supervision. 

As in the case of all other high-carbon rolled steel products, 
detailed attention is given to the cooling of rails. It is quite gener- 
ally accepted as necessary to delay cooling below 900° F. over a 
period of time to allow for gradual temperature adjustment within 
the piece and to permit the freeing of included gases in the steel, 
which pass off gradually in the lower temperature ranges only if the 
steel is cooled slowly. The length of rails is a much discussed 
question, the standard now being 39 ft. The obvious advantage of 
the longer rail is the reduced number of joints and accessories ; the 
objection is the expense involved in producing longer rails, starting 
with the ingot and its size and proceeding through the tables, hot 
beds, finishing departments and shipping facilities. This problem 
necessarily has raised the question of welded joints, and in common 
with the welding of other rolled sections is under very active con- 
sideration in America to-day. 

With the completion of many trunk lines of railroads thoroughly 
covering the country, the manufacture of rails has become largely 
one of replacement; hence its importance in relative tonnage has 
dwindled, so that it is now exceeded by practically all of the other 
rolled products. 

Bar Mills. 


A complete résumé of this class of mills would involve a paper 
in itself, from the old hand-served plate floor-type to the most 
modern cross-country and semi-continuous and continuous instal- 
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lations. There are two factors in the bar mill design and practice 
that really control American standards—accuracy of section and 
capacity. The trend has been towards single-purpose or special 
mills and more mills to cover the complete bar range. Thus we 
find a number of mills in one group with their size ranges overlap- 
ping, rather than the more cumbersome and higher operating-cost 
general-purpose mill covering many sizes. Here again our practice 
has involved great attention to heating and rolling temperatures 
for the control of scale and size tolerance. 

One very interesting appliance, particularly in connection with 
bar mills, is the photo-electric cell for the automatic closing of guides, 
switching, and the operation of shears. This tool gives promise of 
widening application on account of its accuracy and positive action. 

There are three classes of bars now made in this country : Com- 
mon merchant and reinforcing bars, special carbon bars on which 
subsequent processing is performed such as forging or drop forging, 
grinding or cold-drawing, and alloy-steel bars usually for special 
heat-treatment purposes. It is doubtful whether there is any 
product of the rolling mill where such infinite care is required in 
steel quality or rolling precision and perfection as in the bar classi- 
fication. Every customer desires a product which will keep waste 
and expense in his operation at a minimum, and the best mill usually 
sets the standard of what every other mill must meet to satisfy the 
purchaser. 

To produce an acceptable bar it is the common practice for each 
mill to carry a card index of the customer’s usage to which the bar 
is to be applied, and it is no exaggeration to say that there are no 
standard specifications, but rather a customer-use control for every 
order. 


Rod Mills. 


Generally there is one accepted type of modern rod mill in use 
to-day—the continuous mill with looping stands between the 
roughing and finishing units, with the continuous heating furnace 
for 30-ft. billets. Mills have been improved as to speed, accuracy 
of section, and in mechanical details. 

It is of greatest importance in a rod mill that the entire coil be of 
uniform section, as nearly round as possible, of minimum variation 
in gauge and free from fins on the coil ends. 

Appreciable differences in temperature in the length of the 
piece are fatal to the regularity in quality of high-grade wire. 

The latest mills are designed for four-stranding, rather than 
two-stranding, with separate finishing stands and coil delivery and 
with speeds up to 4000 ft. per min. Special bearings are generally 
used, and the trend is towards individual motor drive rather than 
group gear drive. Theoretically there is no reason why one of these 
most modern mills should not roll up to the capacity of the heating 
furnace—20,000-25,000 tons of rods per month. 
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Sheet and Tin Mills. 


Considering now the hand-mill type, which but a few years ago 
represented the method of all sheet and tinplate production in 
America, there can be little to say except where tonnage require- 
ments are limited and sizes and gauges vary to an extent to make 
difficult schedules on the continuous mill. There are uses to-day 
where the so-called hot-pack process holds its place for special pro- 
ducts, but the field for the continuous process is gradually broaden- 
ing as knowledge and experience with it increase. The use of the 
breakdown strip, instead of the sheet bar, has improved both the 
costs and the quality of the hand-mill product. There has been 
a substantial gain in heating and rolling efficiency and economy, 
but the author can see nothing in the future to encourage any great 
expenditure for the development or modification of these hand 
mills. It is a repetition of the struggle of the hand-manipulated 
bar mill as against the mechanised unit, with the further handicap 
on the old type of mill of less accurate gauge, an inferior surface 
and for many purposes a less desirable physical quality of the 
product. 

There is and will continue to be a justifiable place for the hand 
sheet and tin mill in the plant group. The change to the mechanised 
continuous process must be based on sound conclusions, the prin- 
cipal factors of which are the kind and volume of tonnage available, 
the capital expense involved and its carrying charge, and the 
write-off of existing facilities, as contrasted with the savings and 
other advantages of the modern installation. 


American Conditions of Production. 


The motives which have led to present American rolling-mill 
practice may be stated briefly. America is described, and the 
author thinks properly, as a mass-production country. Further, 
he would like to add that we are rather specialists or single-purpose- 
minded. We think in terms of a steel market of 60-80 millions of 
tons of steel per year. One single plant will produce 2-3 million 
tons of this total. 

If we can find a reasonable market for 500,000 or 700,000 tons 
of one commodity, we determine how it can be most effectively 
produced, bearing in mind our high labour rates. This procedure 
has developed large, single-purpose units the output of which is low 
in cost in times of business activity and expensive in periods of 
depression because of large overhead investment. 

In most American mills to-day, particularly the larger mills, 
good practice looks towards the elimination of extended delays in 
roll changing. To accomplish this we use spare housings, make the 
roll and guide set-up on separate shoes away from the rolling train, 
and when the time comes for the section change the entire mill 
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housings and rolls are removed and replaced on the mill foundation 
by the spare set which has been separately assembled for the new 
section. This, of course, involves extra housings, but its most im- 
portant requirements are special crane service for roll changing 
capable of lifting in some instances up to 150 tons. In this manner, 
even on the largest mills, complete roll changes are accomplished 
in 1} hr. where under old conditions the change could not have 
been made under 4-5 hr. This is cited as an example of American 
effort to maintain high tonnages as the pay-off on large capital 
investment. The cost of wages per ton of finished product and 
the tons per mill hour are the impressive figures in the mill 
manager’s mind. 

Tons of saleable product are the measure that makes or breaks 
us, and when the tons are multiplied by a saving in cost of $0.50 
or $1.00 per ton at anywhere near the unit’s capacity, our expendi- 
ture is easily justified. 


Problem of Fluctuating Demand. 


The bane of the American steel plant manager is the fluctuation 
in demand for steel products; by the same token this variation is 
a most disturbing and distressing factor in our labour situation. 
Nowhere is this condition more emphasised than in the rolling 
mills, where 40% of the steel plant labour is concentrated and where 
the men are trained and skilful operators. Both in man-power and 
in capital investment, with operations varying as they do, this is a 
sad economic waste. 

There is a percentage of operating rate in every plant that will 
cover direct and indirect charges. Costs are substantially affected 
by small variations above or below this neutral line, and the ad- 
justment of forces and overhead expenses is a major problem in 
management. 

It should always be borne in mind that the rolling mill is the 
last step in a continuous process between the raw materials and our 
customers. It completes our operations; the relationship with the 
public is with our finished product, and, while there are intermedi- 
ary responsibilities in every department of the plant, our reputation 
and our success depend usually upon the performance of the rolling 
mill. It is true that no mill can make a good product out of bad 
steel, but the final responsibility for a satisfied customer must be 
carried on the shoulders of the mill management. 

Again, looking at the problem from the economic point of view, 
the income of the whole steel plant is largely derived from the bil- 
lings of the shipping yard of the rolling mill; therefore, our invest- 
ment in coke-ovens, blast-furnaces, steelmaking departments and 
all of the auxiliaries that make up the complete plant is absolutely 
and finally dependent upon the quality, service and cost of our mill 
products. 
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Transportation Requirements. 


In general observation of the steel plant and its effective opera- 
tion the author would like to call attention to the matter of trans- 
portation, between departments and within departments, of raw 
materials, materials in process and finished products as well as 
supplies and other services. If we assume that 5 tons of material 
are required to produce one ton of finished product and consider the 
number of times that the material is re-handled as it progresses in 
its course to shipment we can arrive at some conception of the 
problem. That the routing should be of a direct line procedure, 
without crossing or redoubling, is an element of plant and rolling- 
mill layout design that is of extreme importance. 

No mill should be constructed that does not have ample railroad 
service for both operation and repairs, overhead-crane handling 
facilities and, of growing necessity, truck roadway access for opera- 
tions as well as for the shipment of finished products. 


The Human Element. 


Steelworks and mills are not all brick and mortar; neither are 
they all wheels, motors and machinery; and no thoughtful person 
writing on this subject should omit reference to the human element 
in steel. 

With our wage scales relatively high in America, our standards 
of living have substantially advanced. Those high standards at 
home have properly reflected themselves in our plants. 

Transportation of the employee from the home to the plant in 
the majority of cases is by the automobile, so there must be conven- 
ient parking places. The home is a better, cleaner, more comfort- 
able place in which the family lives, the same is true of the plant— 
sanitary toilet facilities, lockers, and baths have ceased to be 
luxuries and have become necessities. Health and safety are taught 
at home and in the schools—so are they a part of the day’s work in 
the factory and the shop and mill. The nation, the state and the 
community provide for greater educational facilities; management 
likewise has undertaken the responsibility of teaching a better 
understanding of a man’s work, of providing for him not only an 
opportunity to work but also the opportunities to advance himself 
and to improve his status as his education and application progress. 

The author cannot close this review of American rolling-mill 
practice without paying the highest tribute to the engineers, 
mechanical and electrical, who have developed our modern mills, to 
the builders who have taken advantage of both design and material 
combined with skilful workmanship to produce reliable, dependable 
machinery to serve our purpose, and, last but not least, to the in- 
telligence of the employees of the American steel mills who operate 
them so effectively. 
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APPENDIX. 
Introduction. 


As stated in the introduction of this paper, there appear in this 
Appendix details in the form of data, photographs, and line draw- 
ings supporting the general remarks of the author, which serve to 
illustrate American practice ; the main sub- divisions of the subject 
are covered by separate chapters. A bibliography is appended. 

The author realises that even these details are incomplete and 
many important questions of rolling-mill practice in America re- 
main unanswered. His only apology is that to make the paper 
comprehensive would require several volumes, and in this changing 


Taste I.—Production of Hot-Rolled Iron and Steel Products in 
the United States, during 1937 (arranged in order of tonnages). 























Product. (200 sw o, | 
Sheets and wed over 24 in. in width—hot-rolled 7,839,506 24-2 
Bars . s ‘ A : 6,031,261 18-6 
Structural . ; ; . E 3,276,846 10-1 
Universal plates and skelp : . ° : 3,116,088 9-6 
Rods . : : . 3,009,290 9-3 
Strip : Wide (ov er 6 in. to 24 i in.) . 1,975,084 
Narrow (6 in. and under) . 920,477 
2,895,561 8-9 
Sheared plates ; 4 ; 3 ; ; 2,407,022 7:4 
Tinplate : 4 : : ‘ ; ' 2,418,190 7:4 
Rails . ; : ; . , ‘ ‘ 1,445,739 4:5 
Toran . . .  .  . | 32,489,503 | 100-0 








TaBLE II.—Record Monthly Production on Different Types of 














American Miils. 

Production. 

Type of Mill, Size. Gross Tons 

(2240 Ib.). 
Blooming mill ‘ - ‘ ‘ 44-in. 109,123 
Slabbing mill s 44-in. 103,131 
Continuous sheet bar and billet mill 21-in.—-18-in. 99,217 
Sheared plate mill 4 ; A 84-in. 34,089 
Universal plate mill 5 é ‘ 30-in. 25,429 
Wide-flange structural mill . , §2-in. 51,896 
Standard structural mill . 3 28-in. 23,557 
Small structural mill . ; z 22-in. 34,539 
Rail mill (continuous) . : ‘ 28-in. 92,009 
Rail on (three- — 4 . é 34-in. 67,455 
Rod mill ‘ é - ‘ + 15,101 
Large bar mill " ‘ . . | 21-in.—16-in.—14-in, 21,528 
Small bar mill ; e ‘ 10-in, 20,969 
Tinplate (12-hand mill) . : : oa 5,200 
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world of ours the time required for its completion would negate its 
value as an up-to-date treatise on the subject before it could be 
published and read. 

For much of the information used in the preparation of this 
paper the author’s thanks are due to friendly and helpful competi- 
tors in our industry, many of them close personal friends of long 


TaBie IIIl.—Approximate Yield from Ingots to Finished Products. 


Figures given are approximate, based on average practice for the 





industry. 
Plates, sheared : . 685% | Carbon bars 770% 
Plates, universal ‘ . 75:0% | Rods ; 4 ‘ 79:0% 
Structural sections . . 81:5% | Tinplate (hand mills) 65:0% 
Rails : : ’ . 760% | Sheets (hand mills) 67-:0% 











standing, whose attitude is always generous and unselfish in advanc- 
ing the interest of our industry to serve our public with a better 


product at a lower cost. 
Associates in the author’s own company have contributed greatly 


to whatever merit the paper may have. 


Before dealing with details of plant and practice it may be of 
interest to record some production and other data relating to the 


TABLE IV.—Approximate Construction Cost for Different Types of 
Rolling-Mill Installations.+ 





Slabbing mill . : ; : $4,750,000 
Blooming mill (44-in. b ; ‘ ; : ; . 4,250,000 
Semi-finishing mill (24-in. and 18-in.) . ‘ ; . . 4,500,000 
Plate mill (reversing) (sheared universal) 4,250,000 

13,000,000 


Plate mill (semi-continuous type) ° : 
Structural mills : 
(a) Wide flange—54-in—48-in, B : : - 10,750,000 


(b) Standard structural—35-in.—28-in. 5,500,000 
(c) Light structural—18-in,.-14-in. . 3,000,000 
Rail mill (including blooming mill) 10,000,000 
2,750,000 


Bar mill (typical) . : . : ‘ s ‘ ° 

Rod mill (modern design) . : : ; , : . 4,250,000 
Sheet mill—8-stand, 2 jobbers 5,000,000 
Tin mill, 12 mills. ; 2,500,000 











1 These figures represent what might be termed typical modern up-to- 
date installations. They include engineering, excavation, foundations, 
sewers, roads, tracks, sub-stations, piping for water, steam and air, office 
and service facilities, locker rooms, wash rooms, toilets, &c., but not the 
source of supply of electrical power, water or steam. 

These costs naturally are influenced by the type of buildings, roofing and 
floors, the amount of space allotted to storage and shipping yards and local 
conditions affecting construction costs, labour rates and material charges and 
freight rates. 
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American rolling-mill industry. In Table I. are given production 
figures for hot-rolled iron and steel products made in the United 
States during 1937; the record monthly productions on different 
types of American mills are summarised in Table II. The approxi- 
mate yield from the ingot to various finished products is indicated in 
Table III. Table IV. shows the approximate cost of construction 
of different types of rolling-mill installations. 


Ingots and Ingot Moulds. 


The ingots used in American rolling practice are usually 
rectangular in section with rounded corners. Rectangular sections 
other than squares are preferred to square sections on account of 
the more rapid solidification with consequent decrease in segregation. 
In rolling special and alloy steels, round corrugated ingots are 
generally used. 

Ingot moulds are usually made of cast iron having the following 
typical analysis : 


Silicon. / .  1:50-1-75% 
Sulphur. ‘ : ; : . Below 0-:04% 
Phosphorus : : : : . Below 0-:120% 
Manganese . . . , ; . 090% 

Total Carbon : ‘ . ; - 400% 
Graphitic Carbon ‘ . : - 93-42% 
Combined Carbon : : ; - 058% 


For killed hot-topped steels a big-end-up mould is generally 
used with a taper of about } in. per ft. on each side. The taper 
varies with the size of ingot and the type of steel produced. Big- 
end-up moulds are commonly referred to as inverted moulds. 
Small-end-up moulds are usually used for semi-killed or rimmed 
steels. The weight of the mould approximates very closely to the 
weight of the ingot cast. 

At many steel plants corrugated moulds are favoured, especially 
for killed steels. ‘The ingot as cast in this design is practically free 
from shrinkage cracks, and rejection costs are reduced to a minimum. 
The life of a corrugated mould is less than that of one with straight 
sides, because heat cracks develop more rapidly at the high points 
of the corrugations. This disadvantage is offset by better ingot 
surfaces and consequent lower chipping costs. 

The usual hot-top practice on killed steel is to pour about 16% 
of the total ingot weight into the hot top, thus practically eliminating 
segregation in the top cuts of the ingot. The usual hot top is made 
of clay, but special types of a more permanent structure are being 
used to a limited extent. 

A mould is usually scrapped after about 75 ingots have been 
cast therein. The life of the mould is affected by the kind 
of finished product rolled from the ingot. A mould may be used 
for its first 50 heats on a high-grade product, and then used 
for lower-quality products, thereby increasing the useful life. 
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Experience shows that moulds for special steels should be discarded 
before there is an accumulation of heat checks, which are the source 
of surface imperfections resulting in an expense for rejections and 
increased chipping costs. 
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Fic. 1.—20 in. x 24 in. x 84-in. Straight-Faced Ingot Mould. 


The care and preparation of moulds are of very great importance 
in decreasing the costs of conversion from the ingot to the finished 
product. Moulds and stools must not only be kept clean, but 
must also be kept warm and free from moisture and rust. In order 
to accomplish this, buildings may be provided in which the warm 
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moulds may be placed, so that they will be protected from the rain 
and snow and never cool to the point where moisture will be 
condensed from the air. Cold moulds may be placed in the building 
with hot moulds, thus drying and warming the cold moulds. Such 
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Fic. 2.—21 in. x 41 in. X 80-in. Corrugated Ingot Mould, 


precautions are particularly advisable during the winter months. 
For a large tonnage of steel, ingot moulds are tarred or otherwise 
coated to provide a smooth clean surface. Such mould coatings 
prevent splashes and sprays from sticking to the mould wall, In 











Daperke 











BENT : MODERN ROLLING-MILL PRACTICE IN AMERICA. 415P 


coating moulds it is important that the mould be clean and at the 
proper temperature before coating, and that the tar or other coating 
material be of the proper viscosity, otherwise too thin or too thick 
a coating may be provided. 
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Fia. 3.—25 in. X 30 in. x 86-in. Corrugated Ingot Mould. 


In connection with the general subject of mould preparation, 
pouring practice is highly stressed. The operating and metallur- 
gical departments are constantly attempting to eliminate leaky, 
spraying and running stoppers, all of which tend to form surface 
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defects and also give rise to sub-surface oxidation in the rolled 


product. } 
Common mill ingots range in weight from 8000 Ib. to 48,000 Ib., 


with the largest tonnage made of ingots weighing 12,000-15,000 Ib. 
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Fia. 4.—25 in. x 30 in. x 86-in. Straight-Faced Ingot Mould. 


Ingots of killed and semi-killed steel are poured to an average height 
of 80 in., although in some cases they pour up to 92 in. Those of 
rimmed steel are 70-72 in. on the average. 

Typical designs of moulds used for different classes of rolled 
products are shown in Figs. 1 to 9 and some details concerning them 
are given in Table V. 




















Taste V.—T ypical Ingot Moulds. 




































































| Approx. 
: . : " Weight 
Fig. | Size of Mould, Grade of Steel Quality of Steel 
No. In, Style. Cast. Cast. — 
ast. 
| Lb. 
1 |20x 24x 84 | Straight-faced | Structural | Semi-killed | 8,900 
2 | 21x 41 x 80 | Corrugated | Sheets Rimmed 17,200 
- f Rails & rods VU ws 
25 x 30 x 86 Corrugated 1 Hot-pack tin plate { Killed 13,840 
4 | 25x 30 x 86 Straight-faced Rails Killed 14,300 
5 | 26 x 50 x 84 Corrugated Plates & hot strip Rimmed & semi-| 24,000 
killed 
6 | 28 x 90 x 92 | Inverted corrugated | Plate Killed 48,200 
7 | 283 x 53 x 84 | Inverted corrugated | Plate Killed 25,700 
8 | Round 24 x 77 | Inverted corrugated | Alloy & special bars | Killed 6,800 
9 | 28 x 35 x 90 Corrugated Structural Semi-killed 20,500 
| 
— ee 
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Fic. 5.—26 in. x 50 in. x 84-in. Corrugated Ingot Mould. 
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Fia. 6.—28 in. x 90 in. x 92-in. Inverted Corrugated Ingot Mould. 


Soaking Pits and Heating Furnaces. * 
Soaking Pits. 


The first requisite of a good installation is capacity, as both the 
mill tonnage and the steel quality are dependent upon good heating 
practice. 

1 This subject is more fully covered in a separate paper by F. M. Gillies 
and E. D. Martin, presented at this Meeting (p. 319 P), but as the heating of steel 
is such a vital part of the process of rolling steel, for the sake of continuity and 
to stress its importance it is also given a place in this paper. 
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The second requisite is uniform heating throughout the pit, 
which may contain four, six or eight ingots per hole, and there are 
usually four of these holes in each pit unit. Six units would be an 
average installation for a blooming mill. 
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Fia. 7.—28} in. x 53 in. x 84-in. Inverted Corrugated Ingot Mould. 


The third requisite is fuel economy and control of the 
atmosphere. Fuels in use are either producer gas, natural gas, 
coke-oven gas, blast-furnace gas or a mixture of these two, and in 
some cases fuel oil. 
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Three general types of pits are in use: (a) The regenerative 
reversing type; (b) the recuperative one-way type; and (c) the 
circular non-regenerative type. 
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Fic. 8.—24 in. x 77-in. Round Inverted Corrugated Ingot Mould. 


Common practice may be said to have adopted the regenerative 
reversing type of installation, but with the development of the 
recuperator there is much to be said for the single-flow, simpler 
type of construction, where the flame enters at one end and leaves 
the same end at a lower level taking a >-shaped course in its travel, 
and no reversing is necessary. 

A more recent design, several installations of which have been 
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made, is the circular non-regenerative pit, the flame entering from the 
centre of the pit bottom or tangentially around the side of the hole. 

In all modern types of furnaces, insulation and plate encasing 
are used to save fuel and prevent air infiltration; high-grade 











Fic. 9.—28 in. x 35 in. x 90-in. Corrugated Ingot Mould. 


refractories minimise repairs; the universal adoption of motor- 
operated pit covers simplifies operations; low-calorific-value fuels, 
automatic combustion control devices, proper draft regulation and 
air preheating facilities contribute to quality heating and fuel 
economy; the location of the pits with respect to the mill, having 
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can be used on any type of fuel, but is particularly advantageous 
for low-thermal-value fuels. This furnace employs two relatively 
small stacks on each hole, which also act as the reversing medium. 

A one-way recuperative type of pit requiring no reversing 
mechanism has been developed. In its installation it occupies a 
minimum of space but is less efficient in heating capacity and fuel 
rate. It has a metallic recuperator constructed of 20-30% 
chromium-steel sheets or tubes. The limitation of this type is that 
the temperatures of the waste-gases passing through are restricted 
to 1800° F., giving an air preheat of 1300° F., as against 1800° F. 
with brick regenerators. 

Another type of pit installed is circular in design, the chief 
advantage of which is the simplification of all mechanical parts; 
it is without a recuperator, and must be used on rich fuels at a 
sacrifice of fuel economy. 

Regenerative pits, working to a heating temperature of 2350°, 
average per hole 5 tons per hr. capacity on hot steel (1200-1500° F.), 
at a fuel rate of about 700,000 B.Th.U. per ton, using 125-B.Th.U. 
mixed gas. With cold steel the rate per hour will drop to 2-3 tons, 
and the fuel consumption will increase to 1,600,000 B.Th.U. per 
ton. The average heating time for hot steel is about 3 hr. and for 
cold steel 8-10 hr. One block of four-pit holes may be said to have 
an average capacity of 10,000-12,000 tons per month. 

The scale loss in pits is usually about 14%, depending on the 
fuel and operating conditions. The use of blast-furnace gas has 
resulted in a particularly low percentage of scale loss. 


Hearth and Continuous Furnaces. 

Equally as important as soaking pits in good rolling-mill practice 
is the operation of the reheating furnaces, and the same prime 
requisites apply. Two kinds of furnaces are used—one the 
regenerative reversing type, and the second the continuous 
recuperative type. It may be said that the hearth type is used for 
heavy blooms and slabs, while the continuous type is used for 
billets and, more recently, slabs. 

Hearth furnaces, 19 ft. x 38 ft. hearth, with 4 or 6 to a mill, 
are common installations. Continuous furnaces 85 ft. long x 17 ft. 
wide are now used for slabs and large billets, with 2 or 3 required per 
mill, and a furnace 32 ft. x 50 ft. is used at merchant bar and rod 
mills for small billets. 

Fuels used are producer gas, coke-oven gas, natural gas, mixtures 
of coke-oven and blast-furnace gas, and fuel oil. Air preheat is 
accomplished by refractory regenerators on hearth furnaces, and 
tile, metal or carborundum recuperators on the continuous type. 
Modern designs include such items as flat suspended roof arches for 
uniform heat control over large hearth areas; automatic electrically 
operated doors, and complete combustion and temperature controls 
contribute to quality heating and economy. Modern continuous 
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furnaces employ the two- and three-zone firing principle, for rapid 
and uniform heating. At least a part of the hearth will be dry, and 
in some cases alloy skids in place of water-cooled pipes are used in 
the interest of fuel economy. 

Mechanical equipment for charging and discharging hearth 
furnaces has reached a high degree of perfection and rapid operation. 
Pushers used with continuous furnaces are usually arranged to push 
either single or double rows of slabs or billets across the hearths, 
permitting wide ranges of products to be handled through one 
furnace. 

Fig. 11 illustrates a regenerative reversing hearth type of 
reheating furnace. 
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Fic. 12.—Carborundum Recuperator adaptable to heating furnaces. 


Fig. 12 depicts a carborundum recuperator with high-temperature 
fan that can be used in place of tile recuperators on continuous 
furnaces. 

Fig. 14 shows a tile recuperative three-zone-fired continuous 
type of reheating furnace. The air preheat will reach 700° to 900° F. 

Operating results vary considerably in these furnaces, owing to 
the wide range of products heated ; however, a few typical examples 
are given below : 

Cold blooms for a 35-in. structural mill are heated in a hearth 
furnace at the rate of 13 tons per hr. with 250-B.Th.U. gas at a fuel 
rate of 3,125,000 B.Th.U. per ton. A similar type of furnace, 
heating hot rail blooms, produces 30 tons per hr. at a fuel rate of 
500,000 B.Th.U. per ton, whereas with the same furnace on cold 
steel the rate is 6 tons per hr. and the fuel rate 2,500,000 B.Th.U. 

A wet-skid, continuous three-zone-fired furnace on cold slabs 
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will heat 50 tons per hr. at a fuel rate of 1,900,000 B.Th.U. per ton, 
using fuel oil or 300-B.Th.U. gas. A similar type of furnace heating 
cold 12-in. square ingots, 70 in. long, has a nominal rate of 20 tons 
per hr. with a fuel rate of 2,300,000 B.Th.U. 

A dry-hearth, non-recuperative continuous furnace, heating 
small billets up to 2} in. square, will heat 20 tons per hr. at a rate 
of 1,750,000 B.Th.U. per ton. 

Scale or oxidation losses vary with the quality of the steel heated, 
the time of heating and the furnace atmospheric conditions. These 
losses will average about 14%. Hearth-type furnaces have found 
much favour when used on standard structural or rail mills for 
reheating heavy blooms, and on plate mills for reheating slabs. 

The continuous furnace has been used for years on small billets 
for light structural mills and merchant-bar and rod mills. Recent 
trend has broadened its scope to include slabs, the advantages being 
fast heating and the high tonnage rate, the relatively small area 
required for installation, and the elimination of expensive charging 
and withdrawing crane equipment. 

Where mills are located within a reasonable distance of coke- 
ovens and blast-furnaces, new values and advantages have been 
found in the use of their by-product fuels for heating steel 
as compared with producer gas. The gas producer, even in its most 
effective form, has long been a source of trouble and annoyance. 

Good practice in the steel plant suggests the piping of cleaned 
surplus gases in separate lines to the rolling mills, with mixing 
stations located at convenient places, so that the various qualities 
and heating values can be obtained to suit the purpose best. In 
soaking pits a gas of 100 B.Th.U., principally blast-furnace gas, can 
easily be used, while in small auxiliary heating furnaces it may be 
desirable to utilise a gas of 400 B.Th.U., principally coke-oven gas. 

No fuel can be used so advantageously or economically as these 
gases in the heating of steel, and nowhere in the plant can the same 
gases be used to any better financial return. 


Blooming and Slabbing Mills. 


These mills reduce ingots heated in soaking pits to blooms, 
billets or slabs for subsequent rolling to finished product. The 
mills range in size from 32 in. to 54 in.—the size referring to the 
centre-to-centre distance of the pinions, roll diameters being 3 in. 
to 5 in. less. 

Blooming mills are of three general types, namely, a three-high 
mill, continuous two-high mill, and a two-high reversing mill, with 
the latter type predominating. 

The three-high mill, once in favour, when ingots were small and 
bloom sizes few, is no longer being installed. In spite of its simple 
drive, it is primarily a single-service mill, not as suitable for rolling 
as great a variety of sections as the two-high reversing type. 
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The continuous type, shown in Fig. 15, of which there are but 
few installations, is comprised of four stands arranged in tandem, 
with a single motor driving two stands. The reduction of the 
ingot to bloom size is made in one continuous operation, the blooms 
usually being delivered directly to a continuous rail, billet or bar 
mill for finishing without reheating. Its value is in its being a 
single unit, capable of producing large tonnages of a few fixed sizes 
of blooms and billets for a large group of finishing mills. Its dis- 
advantages lie in the large capital investment and limitations with 
regard to ingot sizes and bloom production. 

The two-high reversing type, on account of its simplicity and 
ability to roll a wide variety of sections, including slabs, has been 
generally adopted. In America the blooming mill often forms an 
integral part of a finishing rolling mill, with provision to operate as 
an independent unit if desired. 

Mills are built to take 20% draft reduction in a single pass, but 
in practice this is usually nearer 10%. The ingot elongation will 
vary from 5 to 13 times, depending upon the area of the finished 
section. The average number of passes taken to reduce ingots to 
blooms is shown in Table VI. 


TaBLE VI.—Average Number of Passes taken on Blooming Mills to 
Reduce Ingots to Blooms. 

















Size of Size o | Siz | Number | py 

Blooming | ingot. Style. aon. "ot —_ 

Mill. In. In. In. Passes. | 7 
44 28 | Round, corrugated 93x93 | 2 | 61 
44 28 | Round, corrugated 98x92 | 23 | 61 | 
Ad 21 X 28 | Rectangular 93 x 9 |= 21 5:5 
+4 25 x 30 | Rectangular 9} x OF | 27 | 73 
44 23 x 28 | Rectangular 93 x93 | 2 | 59 
44 20 x 24 | Rectangular 92 x 9} 21 4-7 
44 28 Round, corrugated xs 25 8-1 
40 26 Round, corrugated 8x8 21 75 
40 20 x 24 | Rectangular 8xs | 15 6-7 
40 | 25 x 30 | Rectangular ext | 10-0 
44 26 Round, corrugated 64 X 6 | = 25 13-1 








Modern reversing mills are equipped with motor-driven 
manipulators, which not only manipulate the piece to the roll 
passes but also act as guides. Blooming mills are massive, weighing 
as much as 5,000,000 lb., with electric screwdowns having rapid 
lift, hydraulic roll balances, ruggedly constructed tables, and 
semi-automatic lubrication; with centralised control and all gauges 
in visible locations two operators can run the mill and give a 
remarkably high output. An average production of 125 gross tons 
per hr. is obtained. 

Electric reversing motors are almost universally adopted for the 
mill drive, and it has been common practice to use a single- or double- 
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armature motor, driving the mill through pinions. A recent 
innovation is the use of one motor on each roll, which eliminates the 
pinion stand. While this arrangement is more costly to install, 
advantages are claimed—the merits of which will be determined 
after a longer period of operation. Fig. 13 shows the contrast 
<n twin- and single-motor drives for a two-high blooming 
mill. 

While slabs are rolled on two-high reversing blooming mills, 
within the limits of the maximum roll opening, slabbing mills are 
extensively used for this specific purpose, particularly in large 
plants where the use of slabs justifies a complete mill installation 
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Fic. 13.—Contrast Between Twin- and Single-Motor Drive for Blooming 
Mills. 


In design a two-high slabbing mill is very similar to a two-high 
reversing bloomer, except that it is equipped with a set of driven, 
reversing vertical rolls, which may be removed if desired and the 
mill used as a conventional bloomer. These mills are high tonnage 
producers, rolling slabs 16 in. to 60 in. wide at the rate of 125-150 
tons per hr. 

Until recently the widest slab section was rolled on the 
conventional type of slabbing mill. The production rate is limited 
to about 125 tons per hr. The newer blooming mills designed for 
high-speed, simplified and powerful electiic drives, and maximum 
spread of the rolls, are able to produce slabs of equal size and quality 
as those from the conventional mill. The bloomer is simple in 
construction and design, also in method of operation and rolling, 
which makes possible a high rate of production. It has an advantage 
in edging on the horizontal rolls, since the maximum of power can be 
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applied as compared with the limitations set by the bevel gears 
driving vertical edgers ona slabber. The top roll can be adjusted for 
an opening of 68 in., with a screw speed of 400 in. per min.; tables 
and manipulators serving the mill are designed to meet the demands 
of handling a large ingot. There is only one motor drive for the new 
type, as compared with separate drives for the horizontal and 
vertical rolls of the slabber. With the edging work that can be done 
on the bloomer, it makes possible a reduction in the number of 
different sizes of slab ingots necessary to be carried for plant 
operation; estimates indicate that three sizes will be sufficient. 

Hydraulic shears are in general use with both blooming and 
slabbing mills. They are equipped with mechanical conveyors 
for removing butts and discards. 

It is common practice in large plants to arrange several blooming 
and slabbing mills parallel and adjacent, so that soaking pits can be 
made common to all mills. Blooms and slabs may be delivered to 
the same yard for distribution to the finishing mills for subsequent 
rolling into finished products, or the roughing mills may be arranged 
to deliver direct to the finishing mills. 

Fig. 16 illustrates two blooming mills arranged to deliver the 
product direct to serve two groups of semi-finishing mills. Fig. 17 
shows the arrangement of a slabbing mill and three plate mills. 

Fig. 18 represents the arrangement of a continuous blooming 
mill and two finishing mills. 


Semi-Finishing Mills. 


Blooms or slabs rolled on a blooming mill are rolled without 
reheating on a semi-finishing mill into smaller sections of billets or 
flats. In most instances these mills are continuous, with a range 
of roll sizes from 20 to 30 in. 

A typical 12-stand mill consists of a group of six roughers having 
rolls 30 in. in dia., and a second group of finishers, having rolls 21 in. 
in dia., all arranged in tandem and in line with the blooming mill. 
Facilities are usually provided after the roughing stands for taking 
off the heavier sections, 4—6-in. square billets and 24-in. wide slabs ; 
the finishing group of stands is used for the production of lighter 
sections, 14-24-in. square billets, sheet bar or skelp ranging in 
width up to 16 in. and in thickness from } in. up. 

Fig. 16 shows two arrangements of semi-finishing mills in 
conjunction with two blooming mills. 

The merits of this type of mill are a high rate of production and 
low labour costs. Operating at high speeds, blooms are reduced 
very quickly to finished sizes, thus preventing oxidation and resulting 
in an improved surface finish. High mill installation costs are 
usually warranted by the large tonnages possible. While this type 
of mill is primarily designed to roll large tonnages of one section, 
it is flexible enough to roll the average variety of sections required 
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for the mills finishing small bars, light structural material, sheet 
bar, skelp and rods. 

The use of vertical mills in continuous trains has eliminated to 
some extent the necessity of twist guides for the edging passes. It 
is the practice to drive each finishing stand by a D.C. adjustable- 
speed motor, having independent speed control for each stand. 
This arrangement is an improvement over the old method of a 
single motor, line shaft and gear drive. Roughing mills are 
commonly driven by constant-speed motors through gear reductions. 
Electric screwdowns are used on the wider mills producing skelp. 
Recent mill installations use precision bearings on the rolls and 
automatic lubrication throughout, and hydraulic descaling improves 
the finished bar surface. Guides on continuous mills, which have 
long been a problem, are much improved by the use of rollers as 
guides; scratches have been eliminated, and wear on the guides 
themselves has been reduced. Steam or electric flying shears 
combine with the other modern devices to keep production at a 
high rate and costs low, and to ensure improved quality and yield. 
Mills of this type are capable of producing monthly 50,000 tons of 
heavy billets and slabs and 25,000 tons of small billets, skelp or 
sheet bar. 

Another type of semi-finishing mill used in conjunction with a 
bloomer is a second separate rougher, arranged in tandem and which 
in effect is practically a small blooming mill that is used for reducing 
the bloom to sizes suitable for subsequent finishing. This type of 
mill has its advantage in wide flexibility and relatively low 
installation cost. If reheating of the blooms after the blooming mill 
is required for such products as seamless-tube and forging stock, 
this arrangement of mill is to be desired. 

While modern semi-finishing mills are designed to produce a 
large tonnage of high-quality products, they cannot correct any 
inherent defects in the bloom; therefore, products off these mills 
are subjected to careful inspection, and surface defects are removed 
before further processing at the finishing mills. 


Plate Mills. 


Plate mills are designated as sheared, universal, semi-continuous 
and continuous types. One plate mill cannot roll the entire 
range of plate sizes and gauges. Plates are rolled from either 
ingots or slabs on the several different types of mills. The heating 
furnaces used with plate mills are soaking pits for ingots, hearth 
furnaces for one- and two-stand mills, and continuous furnaces for 
slabs with the more recent continuous mills installed. 

The type of sheared plate mill looked upon with the most favour 
is the three-high mill of the Lauth type, having top and bottom rolls 
of the same diameter and middle roll of smaller diameter. These 
mills cover a wide range of production from + in. to 2 in. thick and 
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up to 150 in. wide in heavier plates. They are not essentially high- 
tonnage units but are well adapted to miscellaneous rolling. 

This type of three-high mill has also been made universal by the 
use of vertical rolls; however, in that case the width range of the 
mill will be restricted from 14 in. to 60 in. maximum. The vertical 
rolls can be removed and sheared plates produced up to the width 
of the horizontal roll. 

The main advantage in three-high mills lies in the simplified 
drive, since they are non-reversing, but complications come about 
in the mechanical design of the elevating tables. The ingots used 
weigh as much as 25 tons, and the table equipment must be of very 
rugged construction. 

In recent years a reversing two-high type of mill has come into 
general use for the production of both sheared and universal plates. 
In the latter case, like the three-high mill, vertical rolls, used for 
universal plates, are removed for sheared-plate production. Use 
of the reversing two-high stand predominates in the rolling of 
universal plates. The two-high mill is mechanically much simpler, 
but has the handicap of being reversing with the more complicated 
drive. The advantage of the universal mill is in the production 
of plate with rolled edges, which in some cases are more desirable 
than sheared edges. Also the ability to roll to correct width 
eliminates shearing from the manufacturing cost. The largest 
plate mill in this country is a four-high reversing, 34-in. and 50-in.. 
by 206-in. mill, which on account of its extreme size rolls from 
ingots direct, and, in addition to manufacturing stock-size plates, 
rolls a number of specialities, interesting examples of which are : 
A column base 20 in. thick, weighing 55 tons; and a plate for a 
flywheel disc, 181 in. in dia. by 5, in. thick, weighing 88,000 lb. In 
spite of its size this mill rolls regularly ~ in. x 156-in. and has rolled 
gin. x 196-in. plate. 

While the majority of two- and three-high mills operate as single 
stands, various combinations of these stands in tandem are also 
in use. One installation has two three-high stands in tandem— 
one for roughing and one for finishing—the objectives being more 
tonnage and better surface. While these purposes were 
accomplished, the operation with two mill crews proved too great 
a cost burden, especially on low production. This method of 
operation, except in the case of light jobbing mill plates, has been 
abandoned. An alternative arrangement is to use a two-high 
reversing rougher and a three-high Lauth type or a four-high 
reversing finisher. 

Electric drives are generally employed in all plate mills. For 
non-reversing mills one type is a slow-speed (80- to 90-r.p.m.) large 
frame motor operating direct-connected to the mill spindles. An 
alternative type consists of a high-speed (375- to 500-r.p.m.) motor 
connected through gear reduction to the mill pinions. In both 
cases large flywheels are used on the motor shafts. 
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A semi-continuous mill was recently installed which will produce 
a range of plates from 20 in. to 90 in. wide and ¥ in. to 2 in. thick, 
with a rated capacity of 60,000 tons per month. Plates are rolled 
from 54-in. maximum width slabs, and cross-rolled in a single four- 
high stand to plate width for all widths in excess of 54 in. The 
roughing mill is a 36-in. and 54-in. by 100-in. reversing four-high 
mill, followed by four four-high 27-in. and 54-in. by 100-in. tandem 
finishing mills. This type of mill is intended for a large tonnage 
production of plates, which must be accurate and uniform in 
gauge and width, with high-quality surface finish. In the layout 
of this mill special attention was given to the finishing end by 
providing adequate hot beds, levellers and shears and other equip- 
ment to handle this high-grade product. 

Plates are also produced by the continuous method of rolling on 
large four-high mills, arranged ten stands in tandem, four roughers 
and six finishers. These mills are essentially strip producers and 
should be primarily considered as such, but they also have the 
ability to roll plates up to the mill width and § in. in thickness. 

Both the semi-continuous and the continuous mills are models 
of mechanical and electrical perfection insofar as rolling mills are 
concerned. High delivery speeds, automatic draft-setting on the 
reversing roughing mill with intricate and exact control contribute 
to mass production with a minimum labour cost. As against these 
advantages are the high capital investment, about three times the 
‘cost of a three-high universal mill as shown in Table IV., and a 
restricted range of products that can be produced. The economies 
of such a mill installation will bear consideration with respect to the 
availability of other types of mills and an outlet for the production 
within the range of the semi-continuous mill. 

Fig. 17 shows an installation of three plate mills, two rolling 
sheared plate and one universal plate. 

Fig. 19 illustrates the arrangement of a semi-continuous plate 
mill. 

Structural Mills. 


Structural shape mills, both in type and equipment, vary 
considerably on account of the great number of sections to be rolled 
and the differences in their size. Owing to these variations it has 
not been possible to standardise on the rolling operations, and 
often the methods for rolling a given section will determine the 
size and type of mill for its production. Structural shapes range 
from the largest down to 3 in.; those under this size are classified 
as bars. Production between these limits is usually divided among 
three types of special mills, viz., the wide-flange beam, the standard 
structural and the light structural. 


Wide-Flange Beam Mill. 
This rolls the heaviest structural shapes obtainable, ranging from 
the 36-in. girder beam weighing 300 lb. per ft., and 16-in. H-column 











Fia, 14.—Three-Zone-Fired Recuperative Continuous Heating 
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Fia. 15.—Arrangement of Continuous Blooming Mill in Conjunction with 
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Fic. 14.—Three-Zone-Fired Recuperative Continuous Heating Furnace. 























Fia. 15.—Arrangement of Continuous Blooming Mill in Conjunction with Three Semi-Finishing Mills. 
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Fia. 16.—Two Blooming Mills Arrange 
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Mills Arranged to Serve Two Groups of Semi-Finishing Mills. 
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Fia. 17.—Arrangement of Slabbing Mill Serving Three Plate Mills. (B 
ent. 
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Fie. 19.—Arrangement of a Semi-Continuous Pl: 























Pirate LVIII. 























ming Mill and Two Finishing Mills. 


aT 


| == 
|| 


0 0 
10 0 
0 0 


Oooo00 


) 


——_—_, lee 
Ag ee 











11 it 


PS 710731 














Sl Oo 1 
ia} 



































Continuous Plate Mill. [Bent. 
















































































i 
SI 


he 











ESS 


Tr 














be, 


Fic. 20.—Arrangement of Mill and Method of Rolling Vi 
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Fic. 22.—Arrangement of Combination Structural and Rail Mill. 
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Fig. 23.—18 in.-14-in. Light Cross-Country Structural Mill. 
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Fig. 25.—Arrangement of Rail M 
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Fra. 28.—Arrangement of 10-in. Conti 





Pirate LXIII. 



















































































































































































nl pees cs 24 «SEERA 2 
tp i Os ee 



















































































| 

| 

| ecmener: | 
2 ef eee ene ati Ee Bs 

T — as, Torr S | 

a i 
— < = 

== === ==> 9, | fl 

z = x a ae ere en eee = a { 
——i—4 es : 








'10-in. Continuous Rod and Bar Mill. [ Bent. 








*[[ fur uresq poesueyg-apim 


e oy Yue Wed SUTT[OI [TWA SurMoo|_ 
a 


-_ 
eh 
; 
~% 
+ 
me 
= 
> 
<— 
4 
J 
p 
aw 


























Puate LXVI. 


Fic. 31.—Method of Changing Roll Stands. Wide-flanged beam mill. 
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sections weighing 426 lb. per ft., down to similar shaped sections 6 
in. in depth. 

These wide-flange sections, owing to their high ratio of flange 
width to depth of section, cannot be produced on standard structural 
mills. The wide-flange mill consists of a bloomer and two units of 
special universal mills, and, in some installations, a separate 
universal finishing stand. 

The bloomer is of the conventional two-high type, except 
that its size is usually 52 in. to 56 in., with a roll length ranging 
from 104 to 120 in. Shaped rolls are used and produce a blank in 
which the ratio between the flange and web thicknesses is the same 
as in the finished structural section. For sections over 24 in. in 
depth a shaped ingot is used which approximates to the shape of the 
required blank. A shear with shaped knives is provided for cutting 
the crop ends of the blank and dividing it to suit the hot-bed lengths. 
Open-hearth steel is gerierally used for the sections rolled, and 
usually all sections are finished from the original soaking-pit 
heating. 

The universal units are comprised of a set of horizontal rolls, 
between which, and in the same vertical plane, is located a pair of 
undriven vertical rolls for doing work on the outer surface of the 
flanges. A second set of horizontal rolls is located in a separate 
housing situated as closely as possible to the universal stand, their 
function being to work on the edges of the flanges. Both sets of 
horizontal rolls are adjustable vertically through the usual screw- 
down mechanism, and the vertical rolls are adjustable horizontally 
by similar means. Both sets of horizontal rolls have reversing 
drives, properly synchronised. Thus, with each pass the proper 
reductions can be made in the web and flanges and the entire surface 
of the section worked on, thereby making possible the rolling of 
beam sections of extreme flange width, which would be impossible 
on the regular open and solid flange rolls. 

Two methods of rolling are used in these universal units. In 
one, the vertical rolls are of uniform diameter, the outer surfaces 
of the flanges being at all times flat surfaces and parallel to each 
other. In this method it is necessary to have only the top horizontal 
rolls adjustable through the screwdowns. Two complete mill units 
are used, one being termed the rougher and the other the finisher. 
The work is usually divided between the two so that the rolling 
time in each unit is the same. 

In the second method, the vertical rolls are largest in diameter 
at the centre and are tapered toward both ends. This needs that 
both the top and bottom horizontal rolls be actuated by the screw- 
downs and requires one finishing pass in a separate universal finishing 
stand with straight-faced vertical rolls in order to make the 
finished flange surfaces flat and parallel with each other. 

With the use of temperature measuring instruments, modern 
methods of electrical control and relatively high rolling speeds, 
1938—ii FF 
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mills of this type are capable of producing on the average about 
40,000 tons per month. Motorised operations with controls at 
central points permit the mill work to be done with a minimum 
amount of labour. 

Fig. 20 shows (a) a plan arrangement of a wide-flanged beam 
mill, (b) the arrangement of the mill stands and the method of 
rolling with the flanges flared, and (c) the arrangement of the mill 
stands and the method of rolling with the flanges parallel. 


Standard Structural Mill. 


Standard |-beams, channels, angles, T’s, Z-bars, sheet piling bar, 
and miscellaneous sections are rolled generally on three-high mills, 
which represent the standard type for this class of work in America, 
although two-high mills are used where the plan of sub-dividing 
the mill into several trains has been adopted. 

A layout of mill that successfully produces these particular 
sections would include heating furnaces, preferably of the hearth 
type, since the rolling of flanged sections requires the blooms to be 
very uniformly heated for rolling and to be available for selection 
at will, which is not possible in the continuous furnace. 

Shaping the bloom preparatory to delivery to the group of 
three-high finishing stands is performed generally on a two-high 
reversing blooming mill, ranging in size from 32 to 38in. This mill 
is usually fast, with a manipulator of strength and capacity to 
ensure that the sections are held upright to secure proper edging. 

From the blooming mill the shaped blank passes on to the 
finishing train, consisting generally of three stands arranged on the 
same line across the mill. All are three-high, except the finisher 
which is two-high. These mills on both sides are served by travelling 
and tilting tables of rugged construction for the handling of the 
blank to and from the different stands during the rolling operation. 

The pitch diameter of the rolls in the finishing stands is usually 
28 in. Sections capable of being rolled on this type of mill include 
beams from 6 in. to 20 in., channels from 7 in. to 20 in., angles from 
4in. x 4 in. to 8 in. x 8 in., T’s and Z’s of largest size, also the 
different shaped piling sections. The mill stands, together with 
the table movements, are motor-driven, and control is maintained 
from a central pulpit suitably located. 

A layout of this kind has a monthly capacity of about 25,000 
gross tons. Fig. 21 shows a 35-28-in. standard structural mill; 
there are about eight mills of a similar type in America. Fig. 22 
illustrates a standard structural mill in which provision is made to 
roll rails, splice bars and tie plates. 


Light Structural Mill. 


This mill is used for the production of light structural material, 
which includes the range of sizes between those produced on the 
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standard mill and 3-in. or bar size. This class of material is usually 
made on either of two types of mills; the first is a train of three 
18-in. stands arranged in line, motor-driven, and equipped with 
tilting and travelling tables, the same as for the finishing train of 
the standard mill. Mills of this type, in many instances, are designed 
to produce both structural material and bars. No separate blooming 
mill is provided—the blooms are obtained from other sources. 
The heating of the 12- or 18-ft. blooms is done on one continuous 
furnace. The monthly capacity of this type of mill is about 7500 
gross tons. 

A second type is the semi-continuous mill, comprising ten or 
twelve stands, half of which are roughing stands, having 18-in. 
rolls, arranged in tandem; the remaining stands are finishers, 
having 14-in. rolls, in staggered arrangement. Passing material 
from one group of stands to the next is done over roller tables. 
Mills of this type are motor-driven throughout, and are usually fast 
operating, having an average output of 13,500 gross tons per month. 
Blooms or billets are reheated in continuous furnaces and the 
supply is usually drawn from other breakdown mills in the plant. 
Mills of this type demand large orders and few sections to get the 
greatest economy from their operation. Fig. 23 shows an 18-14-in. 
cross-country type semi-continuous light structural mill. 

The usual plant layout for a group of structural mills is to 
arrange them in parallel, so that finished products are delivered to 
a group of open crane runways, common to all mills, for stocking 
and preparation for shipment. 

Fig. 29 shows a blooming mill rolling a beam blank for a wide- 
flange structural mill; Fig. 30 depicts a wide-flange beam mill. 

Fig. 31 illustrates the method employed for changing rolls in a 
wide-flange beam mill. The crane removes the entire mill housing, 
replacing it with a second housing built up with rolls. 


Rail Mills. 


The steel rail was the first tonnage product and was the incentive 
that inspired the rapid development of the steel industry in the 
United States. For years the industry’s progress was generally 
expressed in terms of the tonnage of steel rails produced. 

The requirements prescribed for rails are unique. In most 
steel tonnage products acceptance requirements are confined to 
inspection and tests of the finished product. With rails the 
customer goes further and prescribes features of the processes to be 
used in the manufacture and also conditions regarding the material 
at certain stages in its manufacture. Further, the permitted 
tolerances in dimensions are closer, and the tests and inspection 
are more searching than in any of the heavy-tonnage steel products 
produced directly from ingots or blooms. 

In addition to these features, rails must be hard enough to 
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resist wear and yet retain sufficient ductility and fatigue resistance 
to withstand conditions of service more severe than those 
encountered by other commonly used engineering material, with the 
possible exception of steel wheels. As a result of these unique 
requirements, the equipment of rail-producing mills has developed 
along special lines. The American rail mill took the form of a 
big single-purpose tool adapted to produce one product and 
ordinarily producing little else. 

Rails are now manufactured which weigh up to 152 lb. per 
yard. Standard lengths of finished rails are 39 ft. ‘“‘T ” rails which 
have a nominal weight of 60 lb. and over per yard are termed 
standard; under 60 lb. they are known as light rails. Standard 
rails in the United States are all made from open-hearth steel. 

A modern rail mill consists of two or three mill trains, each 
separately driven, and made up of one or more stands of rolls, all so 
arranged that the rolling of the piece in any stand is complete before 
it has passed to the next succeeding one. Mills laid out on this 
basic idea are capable of high tonnage outputs, since different 
pieces may be rolling at different stages at the same time. 

Rail mill stands are either two-high reversing or three-high, 
30 in. to 36 in. in dia., differing in no material respect from the 
ordinary bar or structural mill stands of the same size. 

The rail is usually rolled from a reheated bloom that has been 
reduced from an ingot on an adjacent blooming mill. The method 
of reheating the bloom intermediately in the rolling process from the 
ingot is the one most favoured at the present time, as compared with 
the method of completing the rolling on the original heat of the ingot. 

In general, layouts of American mills vary somewhat from each 
other. Fig. 32 shows an arrangement of a 36-35-34-in. three- 
stand reversing type of mill. In the foreground is the reversing 
36-in. roughing stand; in line with it, some distance beyond, is the 
35-in. intermediate stand, and on a cross line with it is the 34-in. 
finishing stand. In rolling from the ingot to the finished rail on 
this mill, a 28-in. corrugated ingot is given 23 passes on a 44-in. 
blooming mill, reducing it to a 9}? in. x 93-in. bloom; it is then 
reheated in a hearth-type furnace, and given 5 passes on the 36-in. 
roughing mill. Four passes are given in the intermediate stand 
(35-in.), and one pass in the finishing stand of 34 in. dia. This 
mill in regular operation produces at the rate of 100 gross 
tons per hr. 

Fig. 24 shows a layout for rolling rails beginning with the ingot 
and utilising a bloomer, an intermediate heating furnace, a 35-in. 
rougher, and three stands of finishing mills. This is a very successful 
mill and is capable of producing any section of T or girder rail design. 

A rail mill of unusual capacity is shown in Fig. 25. This rolls 
direct from the ingot and completes the rolling from the original 
heat. In its arrangement and operation it is semi-continuous, and 
it comprises a continuous four-stand two-high bloomer, a one-stand 
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40-in. three-high supplementary bloomer, one 28-in. three-high 
rougher, and six additional 28-in. three-high stands. Eighteen 
passes are required in rolling from the ingot to the finished rail. 
This mill is capable of rolling large tonnages, producing in one 
month 92,000 tons. 

At the present time there are eleven rolling mills in the United 
States producing rails. The yearly output in 1937 was 1,445,739 
tons, constituting 4-5°% of all the steel rolled into finished material. 

Rails on leaving the last stand in the mill are usually cut to 
length by sawing, the accuracy of which is such that ordinarily 
there is no necessity for milling the ends. After sawing, each rail 
passes through cambering rolls, which stretch the head and curve 
the rails to a degree that compensates for the distortion in align- 
ment which takes place in cooling to atmospheric temperature. 
The rails then pass to hot-beds composed of skids, which support 
the rails in a horizontal plane while allowing free movement in that 
plane. In order that the high-carbon hard rails may be free from 
internal strains and minute ruptures, means are provided for closely 
controlling the rate of cooling through a certain definite temperature 
range. 

The usual chemical analyses are required on rails, but in American 
practice the only physical test prescribed is a full-size impact test 
known as the drop test. Substitutes for this test have been 
proposed and studied for years, but the old form of protection 
against breakage has held its own, and freedom from breakage is 
still, as it always has been, the principal concern of the rail user. 


Bar Mills. 


Bar mills include any small rolling mills having rolls 22 in. and 
under in diameter and producing more than one section. They are 
divided into three general classifications : the reversing type; the 
semi-continuous type, which may be divided into the Belgian or 
looping type; and the cross-country type. The continuous mill 
is the conventional type with stands arranged in tandem for 
straight-away rolling. In determining the type of mill to install, 
the decision should be based on the quality, kind and diversity of 
product, the tonnage desired and the ultimate cost of the product. 

To-day, with the exacting demands of the trade, close attention 
is given to the design and construction of bar mills, in that the rolled 
sections must be accurate within closely limited tolerances, and free 
from surface defects. In addition, the mill must be capable of 
rolling at high speeds with a minimum crew and a minimum of 
delays and repairs in order to achieve the desired economy. 


Reversing Mill. 
Of the several types of mills in operation, the simplest is a roll 
train of several stands of two- or three-high rolls driven in one 
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direction by a steam engine or motor. The disadvantage of this 
type of mill, unless equipped with bar handling devices, is that the 
size of the billet that can be handled is limited and the products 
finished are relatively short. However, mills of this type with 
rolls 20 in., 22 in. or 24 in. in dia. and equipped with travelling and 
tilting tables are more or less special installations; their production 
is usually limited to certain sizes. A 22-in. mill will produce rounds 
ranging from 23 in. to 8} in., squares from 2} in. to 6 in., and flats 
from 4 in. x 3 in. to 12 in. x 2 in., and has a monthly capacity of 
about 7500 tons. 


Semi-Continuous Mill. 


The earlier Belgian mill, with its 2- or 3- high rougher independent 
of the finishing train, is being largely replaced by the semi-continuous 
type, which comprises a continuous roughing train consisting of a 
series of two-high mills arranged in tandem, followed by a group of 
finishing mills offset and in staggered formation. The bar after 
leaving the roughing group is looped between the stands in the 
finishing group for its final reductions. 

The semi-continuous mill is well adapted for the rolling of 
high-quality products, also where a diversity of products must be 
rolled on one mill, or where tonnages of the individual sizes are 
comparatively small. A 10-in. mill of this type rolls rounds from 
2 in. to yi in., squares from }} in. to { in.; flats from ¥ in. x % in. to 
3 in. X 3 in., and angles from 3 in. x } in. to 1} in. x 1} in,, and 
has a monthly capacity of about 10,000 tons. The smallest bar 
mill is 8 in.; this and the 9-in. will produce similar sections in areas 
proportionate to the size of mill. 

Improvements have been made in the operation of mechanical 
repeaters on looping mills, which with their switches and guides are 
automatically controlled by the ‘electric eye.’’ This has made 
possible the handling of material that is much too stiff to be turned 
or looped by hand and at a faster speed. 


Cross-Country Mill. 


Products which on account of their shape and size do not lend 
themselves to rolling on a looping mill are rolled on the cross- 
country type of mill, which consists of a tandem group of roughing 
mills followed by a group of finishing mill stands arranged in parallel 
lines in order to save space. The stands are spaced apart so that 
the piece must leave one set of rolls before entering the other. 
Transfers and tables inter-connect the different stands. Fig. 23 
illustrates a cross-country bar mill. 

A cross-country type of mill with 18-in. roughing stands and 
14-in. rolls in the finishing train can produce rounds from 14% in. to 
34 in., squares from 18 in. to 3 in., flats from 3 in. x # in. to 
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6 in. X 3 in., beams of 5 in., 4 in. and 3 in., channels of 6 in., 5 in., 
4 in. and 3 in., and angles from 24 in. x 2 in. to5in. x 4in., witha 
monthly capacity of about 13,000 tons. 


Continuous Mill. 


Another design of bar mill is the continuous type with 
conventional two-high stands arranged in tandem for straight-away 
rolling, of which several installations have been made. A 10-in. 
mill has been constructed on this principle, which consists of a 
tandem train of fifteen stands with rolls ranging from 14 in. to 10 in. 
in size. The majority of stands are individually motor-driven. 
A feature of this mill is that in the finishing train several stands are 
vertical mills, designed to act as full working stands, eliminating 
the necessity of twist guides. The mill has a rated finishing speed 
of 2000 ft. per min., and the bars are cut to hot-bed length by a 
flying shear of the rotary type, following the last stand. This 
particular mill is equipped to produce the smaller sizes of rounds, 
flats, squares and shapes, as well as bands. The billets used range 
from 1? in. to 3 in. square, and are reheated in a continuous furnace. 
A layout of this mill is shown in Fig. 26. 

This particular type of mill has the advantage of comparatively 
low installation cost, high delivery speed, high rate of production, 
and low operating cost. For the production of flat bars this mill 
is ideal. It has limitations, in that any sections rolled must permit 
of looping up or down between stands, and for high-tonnage 
production it should be limited to a small number of sections, on 
account of extensive roll changes and adjustments. The installa- 
tion of such a mill is justified where a large part of the total bar 
tonnage in a plant is suited for continuous rolling, and where 
other mills are available for the miscellaneous sections in small 
tonnages. 

A specially designed continuous bar mill has been installed for 
producing roll spring stock and other forms of alloy. An outline 
of this mill is shown in Fig. 27. In the layout is a tandem train of 
four stands, two stands of intermediate finishing mills and four 
stands of staggered finishing rolls. It is possible to send steel 
through all of these three sets and finish on either the intermediate 
finishers or the staggered group and deliver to separate cooling 
beds. Rounds are produced from 3 in. to 2} in. in dia. or equivalent 
sections in squares and ovals, while flats up to 6 in. can be rolled. 

The design of bar mills has improved and the practice of rolling 
advanced, so that modern mills constructed to-day consist of as 
many as twenty stands and are arranged to handle a number of bars 
at one time and finish at a speed in excess of 2000 ft. per min. With 
the improvements made in electric motors in recent years and with 
the advantage of sensitive speed control, the tendency in modern 
mills is towards individual motor drive with direct current. 
Electrically-driven flying shears have been developed that will 











440 P BENT: MODERN ROLLING-MILL PRACTICE IN AMERICA. 


cut upto4in. square. Through a control system these shears can be 
arranged to crop both the front and rear ends of the bar or can be 
used to divide the bars into cooling-bed lengths. 

The cooling beds employed in bar mills are a highly developed 
piece of mechanical equipment to accomplish the straightness, 
annealing, and controlled cooling required for the different sections. 


Rod Mills. 


The demand for wire in exceedingly long lengths and in large 
quantities has led to the development of special mills for rolling 
rods. These mills are of three different types, known as (1) the 
continuous rod mill, (2) the Garrett or looping mill, and (3) the Bel- 
gian rod mill. Whilst the last two are still in use, it is the continu- 
ous type which has been brought to a high state of perfection and 
has been more widely adopted, owing to the fact that it is capable 
of a high output and is more economical on account of the very 
small amount of labour required to operate it. The delivery speed 
of finishing rods in a modern mill rolling No. 5 rod reaches 4000 ft. 
per min. These mills are designed to roll rods and bars from billets 
1? in. to 2} in. square and 30 ft. long. 

The most common layout of a two-strand rod mill is the straight- 
away continuous type consisting of six stands of 12-in. roughing 
mills followed by ten stands of 10-in. finishing mills. Immediately 
following the last roughing stand is placed a flying shear, which 
permits the cropping of bad ends before the billet enters the finishing 
train. 

* This type of mill is usually driven by a single motor. The 
finishing speed is about 3200 ft. per min.; the rods rolled range 
from No. 5 gauge to 4 in. The mill described has a maximum 
capacity of 15,000 tons per month. If 4-in. billets are used, five 
stands are added to the roughing train, and the rod is rolled directly 
from the billet. 

Another arrangement of the fully continuous mill is to place the 
roughing train in line, offsetting the finishing train with several in- 
termediate looping stands, arranged between the lines of the two 
trains to allow for looping. In this layout it is possible to take 
heavier finished products off the mill after the looping stands, while 
the lighter products are finished on the finishing stands. An 
advantage of this type of mill with the high rolling speed is the 
minimum temperature drop from front to rear ends, thereby 
contributing to uniform quality and sections. 

A comparatively recent installation includes two double-strand 
continuous mills, comprising nineteen stands each, which finish 
rods from 0-207 in. to 0-5 in. in dia., rolling from billets 2 in. to 
27; in. square, at a speed of 3400 ft. per min. These mills are 
equipped with roller bearings throughout. 

A most modern mill, recently placed in operation, is a high- 
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speed combination bar and rod mill installed to secure high quality 
and high tonnage. This mill is designed for ultimately handling 
four strands at a time when a second finishing train is installed for 
rods; for the present only two strands can be rolled with a single 
finishing train. The capacity of this mill on the four-strand basis 
is rated at 20,000 tons per month. 

The mill consists of a nine-stand, four-strand, 16 in.—14-in. con- 
tinuous mill in a straight-line arrangement. Beyond and in line 
is the intermediate roughing mill consisting of a four-stand, four- 
strand 12-in. continuous mill. Off to one side on the right is a 
group of looping stands in staggered arrangement, comprising four 
stands of 11-in. rolls equipped with repeaters. From the looping 
mill, semi-finished rods will lead to two finishing trains, each of 
which consists of one six-stand, double-strand 10-in. continuous 
mill. The arrangement of complete mill is shown in Fig. 28. The 
billets used range from 143 in. square to 3 in. square, and the mill 
produces rods from 0-207 in. up to # in., also bars from # in. to 
lin. india. The bar finishing speed is 1800 ft. per min. maximum, 
and the rod finishing speed about 4100 ft. The billets are heated 
in a modern single continuous furnace, 32 ft. x 50 ft., equipped 
with a two-pass recuperator. Motors drive selected groups of mills, 
and simplified control gives speed regulation within close limits 
and permits a minimum operating crew. 

Anti-friction bearings throughout result in low power consump- 
tion, accurate sections and a high production rate. 

Fig. 33 is a view of a combination 10-in. continuous rod and bar 
mill. 

It is essential for a mill producing large tonnages to have ade- 
quate reeling facilities, and all mills now are provided with auto- 
matic reels, of either the “laying ” or the “ pouring ’”’ type; each 
has its advantages according to the section coiled. Cooling devices 
are used at the reels to control the surface of the finished rod. 
Conveyors, which are practically standard in design, move the 
coils away from the reels. In some cases covers are used on the 
conveyors to prevent the coils from cooling too rapidly. 

To obtain high quality, low production costs, and maximum 
output in the production of rods, the trend to-day is towards the 
high-speed continuous type of mills with roll stands, singly or in 
groups, driven by individual motors, the use of anti-friction bearings 
on the roll necks, circulating lubricating systems, well-designed 
guides, and efficient reels. 


Hand Sheet and Tin Mills. 


Sheets vary in gauge from 10 to 30, in widths from 12 in. to 72 in. 
and lengths from 5 ft. to 13 ft., while tinplate ranges from 25 to 38 
gauge in widths from 16 in. to 30 in. and lengths up to 40 in. These 
ranges are the maximum; the average gauge worked on sheet mills 
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is from 18 to 30 and on tin mills from 25 to 38, with a tendency, in 
the case of sheet mills, towards lighter gauges. 

Sheet bar is used in ranges from 8 in. to 16 in. wide, and in thick- 
ness from } in. to ?in. In recent years “ strip breakdowns ”’ have 
supplanted sheet bar as the raw product, and the use of sheet bar is 
now rapidly diminishing. Ten years ago the range of gauge on sheet 
mills was from 10 to 30; now it has narrowed to 20 to 30 gauge with 
the trend towards the lighter gauges, owing to the advent of the 
continuous hot strip mill. 

While the jobbing mill retains its place as a producer of wide 
ranges of heavy gauge products in small lots, and the sheet mill for 
light gauge black sheets, the strip mill has overlapped into these 
fields. 

The production of tinplate is also undergoing a change, wherein 
we find the continuous cold-reducing mills rapidly replacing the 
sheet-bar method for the manufacture of this product. 

A typical sheet steel plant consists of eight to twelve stands of two- 
high non-reversing jump mills driven from a single engine or motor. 
The old design of pair and pack furnace has become obsolete and is 
being gradually replaced by the continuous type, which has resulted 
in savings on heating of 800,000 B.Th.U. per ton. 

The mechanical operation of sheet steel mills has hardly changed 
in the past fifty years. Of prime importance in the manufacture 
of sheet steel is the quality of the sheet surface and the ductility, 
and it is to this end that mill operators have worked for years. 

It was the practice to rough the sheet bar, reheat the sheet and 
finish it on the same mill stand, with a single crew. Now, one mill 
is used exclusively for roughing the sheet bar and a second mill for 
finishing the reheated sheets. In general practice, two roughing 
mills can produce enough breakdowns to keep three mills busy on 
finishing. This method is in favour, not only from a cost stand- 
point, but also from the standpoint of the quality of the finished 
product. 

A recent innovation is the three-high roughing mill with 
mechanical tables for roughing the sheet bar to the breakdown stage. 
These mills are satisfactory from the standpoint of output and pro- 
duction cost. One three-high mill can produce sheet-bar break- 
downs in quantity to keep three or four hand-finishing mills in 
operation. Another improvement which has become popular is the 
mechanised table, both feeder and catcher, on two-high mills. 
They have found much favour for finishing stands and also when 
strip breakdowns are used. Mechanised mills have reduced much 
of the laborious work from the hand sheet mills, and have increased 
the production two and one-half times per mill stand. The faster 
mill operation makes possible the production of 26-gauge direct 
from breakdowns, with only one heating. The screwdowns are 
motor-driven in some instances. 

Replacing old-type sheet and pair furnaces are continuous pack 
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and pair furnaces, which have ample capacity and, being equipped 
with proper furnace temperature and atmosphere control, have re- 
sulted in fuel economy and the improvement of the surface condition 
on the finished sheet. 

Two types of furnaces in satisfactory use are the walking-beam 
and the chain-conveyor type. The fuel used is coke-oven, producer 
or natural gas, or oil. The fuel-air ratio is carefully maintained, 
and thermo-couples located in the roofs of the furnace actuate the 
fuel valves and maintain constant predetermined temperatures— 
so essential to good surface qualities. As an example, a modern 
pack furnace consumes about 2,000,000 B.Th.U. per ton of steel, as 
compared with 2,800,000 B.Th.U. in the old-type sheet furnace. 
Average temperatures for black sheets range from about 1350° to 
1400° F., although for specialities temperatures as high as 2000° 
are reached. 

New-type furnaces are generally about 72 in. wide in the hearth 
and for a mechanised mill 80 ft. to 100 ft. long, to allow ample time 
for proper heating of the steel. Where space is limited, a double- 
width furnace, 50 ft. to 55 ft. long, is used. This furnace is divided 
into two chambers, each having individual temperature control, 
thereby permitting the use of one chamber for preliminary heating 
and the other for pack heating. A modern pack furnace will heat 
50,000 to 60,000 lb. of 26-gauge sheets per 8-hr. turn. 

The use of gas and electric roll heaters has precluded the “ warm- 
ing-up turn ”’ to get the rolls in “ shape’ for sheet rolling, which 
feature eliminates much scrap and labour formerly required for the 
“ warm-up turn.” 

Automatic roll polishers working constantly across the faces of 
the rolls while in operation keep the surface in good condition, 
eliminate the “ hand polishing ’”’ during working turns, and minimise 
roll changes. 

Automatic pressure lubrication on roll-neck bearings is in the 
experimental stage. The indications are that it will be a worth- 
while investment. 

The use of the mechanical doubler is gaining, particularly for 
cold work, where strip breakdowns are doubled cold before heating. 

The use of gravity conveyors in the finishing department for 
handling sheets eliminates hand-work, reduces the number of 
scratched sheets and increases the yield. Large automatic pack 
shears with one crew trim sheet packs to exact size, doing the work 
of four to five regular-type squaring shears. 

Pickling operations, while not changing in fundamental prin- 
ciples, utilise modern machinery. The plunger-type pickler is in 
most general use, producing approximately 9 tons per operating 
hour. Wooden pickling vats, which are costly to maintain, are 
being replaced by tanks built of acid-resisting brick laid up with a 


sulphur-base cement. 
The process of open-annealing or normalising is carried on in a 
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special furnace, usually about 100 ft. long x 96 in. wide, divided 
into two zones; the first or “‘ heating ’’ represents about 50% of the 
furnace length ; the remaining half is the “ cooling ’’ zone. Sheets 
in passing through the first half are heated to about 1600° F., 
and are allowed to cool to nearly atmospheric temperature in the 
cooling zone. The product produced is often referred to as “ blue 
annealed.” 

Box-annealing is still being done in the conventional gas- or 
oil-fired furnace, the pack of sheets being covered by a cast-steel 
cover to exclude the furnace atmosphere. 

In modern installations this design is being replaced by the 
radiant-tube type of furnace. In its operation, this has proved 
successful and economical in fuel. 

Sheets when annealed in a deoxidising atmosphere in either 
type of furnace come out perfectly clean and bright, and the 
operation is often referred to as “ bright annealing.”’ 

These furnaces are usually fired with gas, either a mixture of 
coke-oven and blast-furnace gas, natural gas, or oil. The furnaces 
vary in size depending upon the size of sheets or coils to be annealed. 
Recent installations have been made large enough to take sheets up 
to a maximum of 90 in. x 250in. The weight of an average charge 
in this size of furnace is 260,000 lb., and requires a heating cycle of 
80 hr. and a cooling cycle of 80 hr. for auto-body sheets. During 
these periods a special deoxidising gas, prepared from coke-oven or 
natural gas, is introduced under the inner cover to protect the sheets 
from any oxygen and prevent blue borders or edges. Fuel savings 
for this type of furnace are equal to 2,500,000 B.Th.U. per ton as 
compared with the conventional type. The capacity of these 
furnaces is rated at about one ton per hour on full-finished auto- 
body sheets, and 1-6 tons per hr. on black quality sheets. 

Electric annealing furnaces have also been installed. These 
furnaces operate in a similar manner to the radiant tube, except 
that resistance is used for heating instead of closed alloy tubes fired 
with gas or oil. The operating cost of the electric furnace is de- 
pendent upon the prevailing rates for electric power, the annealed 
product being entirely satisfactory. 

Roller levellers perform one of the final operations in the manu- 
facture of plain flat sheets. Seventeen-roll, two-high machines 
are in general use, using rolls about 3? in. in dia. However, with 
the wider sheets coming into use, the trend recently is towards a 
four-high or backed-up leveller. This type of machine permits the 
use of smaller-diameter working rolls, without sacrifice of stiffness, 
and more work can be done on the sheet. For dead flat sheets, or 
special orders, the conventional hydraulic or motor-driven stretcher 
leveller is used. 

In galvanising sheets by the hot-dip process, the mechanical 
equipment used for this purpose has not changed materially for 
several years. Recent installations, however, include wire fence 
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conveyors for handling the sheets as they emerge from the galvanis- 
ing pot, which effects better spangle control, and the use of a water- 
dip, instead of the porcupine cooling wheel, which gives more accu- 
rate temperature control and permits faster operation of the galva- 
nising line. Special coatings containing tin and of lighter weight 
than the commercial zine coating are gaining favour. In addition 
to the conventional black or hand-mill sheets, cold-reduced sheets 
are now being used extensively in the galvanising trade. Galva- 
nising speeds as high as 130 ft. per min. are now used, and produc- 
tion will run to 100,000 lb. per turn on light-gauge roofing stock. 

The tinning of sheets is one of the leading operations in the 
manufacture of steel and the annual production now reaches about 
2,400,000 tons. 

The production of black plates by hand-mill methods for tinning 
is practically the same as the sheet-mill operation, except, of course, 
that the average gauge is much lighter. 

Recent improvements to hand-mill methods of producing tin- 
plate may be identified in the use of continuous pack and pair 
furnaces for heating, and the newer design of two- and three-way 
tinning machines. 

The tinning operations, other than improvements in the heating 
and mechanical equipment, have undergone no radical changes. 
Mechanical feeders and catchers have improved the operations and 
reduced the labour costs. Cleaning is done with the usual bran 
type of machine, mechanically improved from original installa- 
tions. Experimental work is in progress relative to the application 
of coatings on sheets by electroplating process. 

The more recent innovations in tinplate production have centred 
around the continuous cold-reducing method from coiled strip. 
Brief mention only is made of this fact, since it is not intended in 
this paper to amplify the continuous methods of producing sheet 
steel, but it can be reasonably assumed that future development in 
tinplate will be by the cold-reducing process. 

Fig. 34 shows a three-high sheet mill with mechanical tables, 
while Fig. 35 illustrates a two-high finishing stand similarly equipped. 


Steel Preparation. 


In the rolling of blooms and billets, surface defects occur which 
must be removed to a degree depending on the surface desired on 
the finished product. Surface requirements have become more and 
more. strict during recent years and as a result improved methods 
of preparing the semi-finished product have developed rapidly. 

The three general forms of surface preparation are grinding, 
chipping and scarfing, the latter being the removal of surface de- 
fects by means of a cutting torch. The choice of method depends 
on the capacity required, the quality desired, and, of course, the 
cost of preparation. The method of preparation used depends to 
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some extent on the type of material being treated. Where it is 
necessary to eliminate small seams the material is pickled before 
preparation, and in some instances repickled and re-prepared 
following inspection after the first pickling and preparation cycle. 

Typical data on the labour time required in carrying out the 
various methods of preparation are : (1) Soft steel in the slab form, 
chipping 3 tons per man-hr., scarfing 30 tons per man-hr. ; (2) hand- 
chipping medium-carbon steel in small billets, about one ton per 
man-hr. ; (3) on harder steels it has been found that machine-chip- 
ping is more economical than either grinding or hand-chipping, 
except where the pieces are small. 

The amount of steel lost during preparation varies, of course, 
with the grade of steel, the surface requirements and the quality of 
the bloom. 

For the harder grades of steel the demands have become so ex- 
acting for the elimination of small surface seams that the mills are 
forced to billet grinding instead of chipping, resulting in an operat- 
ing cost quite in excess of hand-chipping. Recent improvements 
in the grinding process include increasing the peripheral speed of the 
grinding wheel up to 9000 ft. per min., improving the quality of 
grits and wheel hardnesses for various grades of steel, and improve- 
ment in devices for the removal of grinding dust to protect the 
workmen. 

The most common method of preparation of semi-finished pro- 
ducts is chipping. As surface requirements have increased chip- 
ping costs have also increased, and recent improvements to lower 
this cost are the use of higher air pressures, the reduction of the 
moisture and dirt content of the air supplied to the hammer, the 
design of stronger hammers and the development of mechanical 
chippers. Fig. 36 illustrates a mechanical billet chipper—a substi- 
tute for hand-chipping. Mechanical chippers are now being de- 
veloped which will handle large blooms, either removing the entire 
surface or spot-chipping. A considerable economy over hand- 
chipping is indicated in the development work on this machine. 
In order to eliminate large defects in the semi-finished product a 
gouging machine has been introduced, which is much more rapid in 
its operation than hand-chipping. 

The scarfing method is rapidly increasing in popularity. Ma- 
terial is either hand-scarfed or machine-scarfed, and torches have 
been developed which allow scarfing of the product while it is being 
rolled on the mill. Machines carrying a number of torches have been 
developed and are used- on carbon steel to hot-skin or remove simul- 
taneously from the four sides of the bloom the surface to a depth 
of 4 in. The rate of removal is 80-90 sq. ft. per min.; operating 
only on one side of the bloom the rate is 60-70 sq. ft. per min. 
In order to obtain the best results by scarfing it is highly important 
to have the proper handling equipment, otherwise scarfing will have 
little, if any, advantage over chipping. With proper crane facilities 
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and room for working, about ten times as much steel can be handled 
by scarfing as by chipping. In order to have most economical 
operation, it is advisable to have both oxygen and acetylene avail- 
able in large quantities rather than in small cylinders. Some plants 
are equipped with their own oxygen and acetylene plants, while 
others use large reservoirs of these gases in conjunction with their 
scarfing yards. On small material hand-scarfing is apt to result in 
excessive warpage of the billet, necessitating a straightening opera- 
tion after the preparation. Scarfing costs on slabs are about one- 
half of those of hand-chipping. 

The possible use of the scarfing method in the preparation of 
alloy steels is being investigated. While it has proved successful 
and practical on certain grades where the alloy and carbon contents 
are not excessive, its use has been limited to small tonnages. How- 
ever, it is expected that this tonnage will increase quite rapidly in 
the future. 


Rolling-Mill Drives. 


From an operating point of view the measure of merit so far as 
the electric drive is concerned is one of performance. The electric 
motor has been applied to every class of machinery in the manufac- 
ture of steel. The efficient transmission and insignificant stand-by 
losses of electric power have led to its extended use. 

Standardisation has been a keynote in electrical development. 
Motors are duplicated to eliminate costly spares and facilitate quick 
repairs. Power is distributed at standard voltages ; 2200 and 6600 
V. for main feeds, and 110, 220, 440, 550 V., A.C. and 250 V. D.C. 
for secondary feeds have been widely adopted. 

The energy consumed is either generated within the plant or 
purchased from outside sources. In modern plants at least a 
portion of the power consumed is generated principally to guard 
against power interruptions from outside supply lines and also to 
utilise by-product gases for the generation of steam to drive turbo- 
generators or gas-engine-driven generators, 

The transmission systems in a plant are usually carried above 
ground and are arranged in “ loops ”’ with the possibility of several 
sources of power supply to avoid a shut-down from possible isolated 
interruptions. 

Electrical energy has for years been well established for drives 
for all rotating machinery and more recently has come into use for 
electric furnaces, such as for heat-treating and annealing; also 
electroplating and electrolytic cleaning give promise of an expanding 
use for electricity. 

Main roll drives include some of the most highly specialised 
electrical equipment in a mill, and experience has proved that these 
units can be operated and maintained with comparative ease and 
economy far beyond a similar steam-driven unit. The general 
types of mill-drive motor applications are as follows : For constant 
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speed mills, the generally accepted practice is to use the slip-ring 
induction motor, either direct-connected or through reduction 
gearing to the mill pinions. For reversing mills single- or double- 
unit 600-V. D.C. motors are used, direct-connected to the mill 
pinions. Recent installations utilise separate-drive motors on each 
mill roll, eliminating the mill pinions entirely. On slabbing or 
wide-flange structural mills, separate D.C. drives are used for the 
main rolls and vertical or supplementary rolls. The Ward-Leonard 
system of control is provided for the mill motors, and a liquid slip 
regulator forms a part of the control of the induction motor driving 
the flywheel set. 

Continuous mills and bar mills now employ unit D.C. drives on 
the finishing stands, giving better speed control over wide ranges 
than the more common single motor and gear train on the older 
mills. Scherbius and Kramer sets using A.C. energy are applicable 
to this type of mill if the speed requirements are within a reason- 
able range. 

D.C. power for reversing mills is supplied from flywheel motor- 
generator sets driven by slip-ring induction motors, while the con- 
tinuous mills, having a more constant load factor, employ synchro- 
nous motor-generator sets. It is the practice in the modern mill to 
house the main-roll driving motors with the control equipment in 
substantial rooms adjacent to the mill stands. These rooms are in 
effect “ air-conditioned,’ considerable care being given to that 
phase to protect and prolong the life of the expensive equipment. 
In addition to the drive motors, the 250-V. motor-generator sets for 
D.C. power and step-down transformers are located here, so in 
reality the rooms become sub-stations, all under the control of one 
mill operator. 

Table VII. indicates the average power consumption for main- 
roll drives per ton of products rolled for different types of mills. 


TaBLE VII.—Average Power Consumption per Ton of 
Product Rolled for Main-Roll Drives. 














ta Type of Mill. | KWh. per Ton. 

54-in. blooming mill . ‘ : : : 15 
44-in. blooming mill . : . . ; 14 
48-in. wide-flange structural mill . ; ; 43 
36-in.—32-in, rail mill . ; : A ; 31 
35-in.—28-in. structural mill : : ; 4] 
18-in.—14-in. structural mill ; : : 59 
10-in. rod mill . : : ; : , 78 
12-in, skelp mill . : ; ‘ : 41 
110-in. sheared plate mill . : : ‘ 23 
48-in. universal plate mill . : . : 34 
12-in. bar mill . : . ; 5 ‘ 32 
8-in. bar mill 
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Mill auxiliary drives fall within three general duty classes : 
Heavy or light intermittent reversing and non-reversing service ; 
adjustable-speed continuous and intermittent service; and con- 
stant-speed continuous and intermittent service. To the first of 
these the D.C. series-wound mill-type motor is applied; for the 
second D.C. shunt- or compound-wound, and for the third squirrel- 
cage, slip-ring or synchronous A.C. motors are used. Magnetic 
control is preferred for all mill auxiliaries. Careful attention is paid 
to the control installation, the panels being grouped and protected 
in galleries or rooms. Current at 250 V. D.C. for auxiliary drives 
is supplied from synchronous motor-generator sets or rotary con- 
verters, preferably the former for greater power-factor corrections. 
Alternating current is used as widely as possible, since the conversion 
loss to D.C. is about 10-13%. 

The use of individually motor-driven rollers for mill tables is now 
accepted practice, particularly for light high-speed equipment. 
Two types are used ; in one the motor is an integral part of the roller, 
and the other has a small motor connected externally to the roller. 
Both offer the advantage of more dependable service, since one de- 
fective motor will not put an entire length of table out of service as 
in the case of line shaft or gear drive. The control of these tables 
may be either A.C. or D.C., with the former predominating. In 
the case of variable speed, the power cycle is varied for A.C. drives 
and the voltage is varied for D.C. drives. 

Improved mill lighting with high-power bulbs and properly 
designed reflectors contributes to safety in the operations. For 
special work, such as inspection or roll turning, the sodium vapour 
or mercury vapour lights are employed. While the installation 
cost of these special lights is higher, the operating cost is less and 
the lighting generally is more efficient. 


Bearings and Lubrication. 
Bearings. 


From an operator’s point of view the requisites of roll-neck 
bearings are dependability, economy and performance. Bearing 
failures may be attributed to operating conditions as they exist in 
steel mills, with overloads, shocks and vibrations, combined with 
dirt and water, and roll-neck deflection contributing to these 
failures. 

Ten years ago the standard practice was to use two designs— 
brass bearings with babbitt inserts, and babbitt bearings with brass 
inserts. The lubricant for these bearings was a tallow grease. 
Applying roll-neck grease under pressure, it was found that the 
bearing life was increased three times over former experience. 
This improvement represents the best practice to-day in rolling 
mills where plain grease-lubricated bearings are used. 

Tests of anti-friction bearings showed that in comparison with 
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the plain bearing the coefficient of friction for the former was 0-002, 
while for the plain type it ranged between 0-040 and 0-080. The 
possible savings in power and lubrication by the use of roller bear- 
ings on roll necks amount to 25 to 50%. 

At existing mills where the application of roller bearings has 
been possible, results have shown considerable success. Up to the 
present time the roller bearing has been applied more extensively to 
the roll necks of mills such as the cluster or four-high type of mill. 

During the period of the development of the roller bearing for 
rolling mill use, another type was brought out, known as the oil- 
flood-lubricated sleeve-type bearing, which to-day has successful 
applications on heavy strip mills and light high-speed rod mills, 
with no restriction as to its use on any type of mill. The power 
savings are about the same as those obtained with roller bearings. 
The indications are that this design of bearing will become standard 
equipment for most new mill applications. 

In the continued use of the plain type of bearing, great progress 
has been made in improving the design and quality of the material 
in their construction. The first substitute was the use of lignum- 
vite, using water as a lubricant. This type of bearing showed 
increased life over the babbitt bearings. Later, however, due to 
warpage and lack of homogeneity in the lignum-vite, it was rapidly 
displaced by a bakelite-resin composition, also water-lubricated, 
and known as a fabric bearing, which has made possible the elimina- 
tion of grease as a lubricant. 

The main advantages of the fabric bearing are a reduction in 
power consumption and prolonged life. As an example, a rod mill 
with babbitt bearings consumed 117 kw. per ton of rolled product, 
as compared with 78 kw. using fabric bearings. 

Babbitt bearings in one stand of a rod mill were replaced after 
11,000 tons rolled as compared with 125,000 tons produced in the 
same stand with fabric bearings. On rod-mill finishing stands 
3200 tons was considered the average life for babbitt bearings, 
whereas to-day 200,000 tons have been produced with fabric bear- 
ings and they are still in service after two years. The bearing life 
of a skelp mill shows that babbitt bearings averaged 2000 tons, 
lignum-vitz 8000 tons, and fabric 20,000 tons. 

On sheared plate and blooming mills the use of fabric bearings 
has proved economical. The power consumption on a plate mill 
was reduced 50%, and the bearing life on a tonnage basis was in- 
creased ten times. On a blooming mill, bottom brass and babbitt 
bearings, automatically greased, had only one-half the life of the 
fabric, based on the tonnage produced. At the same time the power 
consumption was reduced about 22%. 

Fabric bearings are used on rod, bar, three-high sheet, structural, 
plate and blooming mills—the limitation is on mills of very slow 
speed or where roll necks get hot, such as two-high hand sheet mills. 
Another factor of importance with fabric roller or oil bearings 
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is the absence of wear, which allows greater accuracy of the rolled 
section. 


Imubrication. 


In recent years there has been a great advance in regard to the 
lubrication of steel mill equipment. Considerable study has been 
given to the selection of lubricants and methods of application best 
suited to the requirements of the equipment. 

One of the most outstanding of modern lubrication systems is 
the so-called “ oil-circulating system,’ which is becoming the chief 
method of lubrication for gears, pinions and oil bearings for the 
most up-to-date rolling mills. Mill pinions with proper lubrication 
have been in continuous service for ten years, during which period 
the mill rolled 5,000,000 tons. The use of cut pinions and gears 
has become the regular practice in the larger mill installations. 
This practice has contributed to the successful operation of oil- 
circulating systems. 

The system of automatic “ forced feed ’”’ lubrication is utilised 
largely where grease is the lubricant, such as roll-neck roller bearings 
or individual machines where the operation is intermittent. These 
systems are extensive—an entire mill can be lubricated from one 
central pressure station with a minimum amount of labour. They 
conserve lubricant and insure proper application. 

Modifications to the ‘ forced feed ’”’ system are used on isolated 
machines and are also adaptable to overhead cranes. These 
systems, whilst manual in operation, ensure the proper lubrication 
of each bearing, avoiding maintenance and repairs. In ten years 
lubrication costs have decreased 50%, and the average cost to-day 
is equivalent to about 13 cents per ton of product rolled. 





Rolls and Guides. 
Rolls. 


In the manufacture of rolls used in American rolling mills a 
considerable amount of care, skill and experience enters into the 
foundry practice to produce rolls that will give satisfactory rolling 
results and also meet the varying requirements of quality. When 
developing the design and composition of a roll, a careful analysis 
is made as to the function and the purpose for which the roll is in- 
tended in the rolling mill. When this is determined, the melting 
technique, alloy content, moulding methods and heat treatments 
are then developed to meet the particular requirement. There is 
no rule followed in foundries in regard to casting mill rolls based on 
their location in the mill—the roll and its service requirements 
dictate the procedure of its manufacture. As an example, three- 
high mills in some plants may have all three rolls of different com- 
positions, and again another set of rolls in the same location for 
rolling larger or smaller sections will have changed specifications. 
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The several grades of roll castings produced and the service to 
which they are best adapted, based on experience, are as follows : 


(1) Plain Carbon Steels. 
For blooming mill, structural shape mill, roughing, breakdown 
stand in hot sheet mill, &c. 
Generally chosen only for economical considerations such as small 
lot rollings. 


(2) Alloy Steels—0-50% to 1-25% Carbon. 


For blooming and slabbing mills. 

Roughing stand in rail mills. 

Roughing stand in structural shape mills. 

Sheet jobbing mills, &c. 

The chosen range depends upon the characteristics of the mill and 
the weight of section rolled. 


(3) Alloy Steels—1-40% to 2:75% Carbon. 


For billet roughing. 

Intermediate stands of rail mills. 

Intermediate and finishing rolls in shape mills. 
Continuous-mill rolls for billets, sheet bar, skelp. 
Merchant mill strand and finishing rolls, &c. 


(4) Alloy Iron. 


Grain iron for— 
Intermediate and finishing stands of structural shape mills. 
Continuous mill and merchant mill finishing. 
Strip mills. 
Rod mills, &c. 


Chilled iron for— 
Tin and sheet hot and cold-mill rolls. 
Sheet bar, billet and skelp finishing stands. 
Rod mills. 
Plate and strip mills. 


Of the grades mentioned, probably the one having the most di- 
versified application is the semi-steel with 1-40 to 2:75% of carbon. 
The application of this grade is extending, and it is not uncommon 
now to find it in the roughing stands of many mills. The extended 
and wider use of semi-steel rolls is due to the fact that following 
ordinary annealing treatment their hardness is reasonably stable at 
operating temperatures in the mill. 

In casting rolls, the wide use of hard, highly alloyed composi- 
tions and the practice of forming the mould cavity so as to conform 
as nearly as possible to the recesses and passes of the roll design, 
has led to a most general adoption of the extraneous chills in one 
form or another in the mould cavity to promote greater heat con- 
ductivity and thereby control the cooling rates of the roll castings. 
Only a small tonnage of rolls is cast in plain sand moulds, owing to 
the necessity of controlling the liquid shrinkage effects of the hard 
quick-setting compositions used. 
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The improved method of casting and proper heat treatment 
result in rolls having a wide range of hardness and uniform structure 
for a considerable depth below the surface. Rolls made in this 
manner have a wide application for flat and deep-pass sections. 

As for the performance or life span of these various roll grades, 
it is difficult to assign definite tonnage figures, because current de- 
mands for a smooth finish on rolled sections do not always permit 
the full use of the economies that lie in maximum tonnage. How- 
ever, several examples of service life will serve to show some results 
obtained. There are some blooming-mill rolls breaking down in- 
gots into blooms for billet mills which have rolled as high as 600,000 
tons. Aservice life of 250,000 to 300,000 tons on blooming-mill rolls 
is a reasonable expectancy. In some cases where more dressing of 
the passes is necessary because of limitations of the side wear, 
150,000 tons is the total tonnage rolled. On 28-in. structural shape 
mills, rolling 10-in. channels, the roughing rolls produce 25,000 tons, 
the intermediate rolls 12,000 tons and the finishing rolls 5,000 tons. 
Continuous-mill rolls on billets, sheet bar, skelp, &c., produce 
40,000 to 100,000 tons before being reduced to scrap size. 


Guides. 

Both entering and delivery guides are employed on all finishing- 
mill rolls to facilitate the entering of the bar in the proper pass in 
the rolls and to strip the bar on the delivery side. 

Designs of guides vary in form and size to fit the conditions. 
There is no definite rule regarding their designing ; however, careful 
consideration is given as to their practicability, convenience in 
putting them in position at the mill, operating efficiency and manu- 
facturing cost. 

On wide-flange beam mills, cast-steel guides are used which 
conform very closely to the roll dimensions. They are made of 
0-50% carbon cast steel, machined and ground smooth to avoid 
scratching the product. For the intervening space between the 
main mill and the supplementary stand, it is necessary to provide 
bridge guides to convey the bar from one stand to the other. 

On standard structural mills, the flange guides for the different 
shapes are usually made of forged steel with 0-50°% of carbon, while 
all the other guides are of 0-50°% carbon cast steel and made to 
conform very closely to the pass contour. Special sections similar 
to piling bar have special guide boxes. 

In recent years the use of roller-type side guards has become 
popular for the elimination of scratches at the intermediate and 
finishing passes of structural, rail, and bar mills. They are a cast- 
steel guard with small rolls set in a recess and revolve on either ball 
or bronze bearings. 

The general practice in the bar mills producing straight carbon 
steels is to use cast steel guides of 0-50% carbon content on account 
of their strength and wearing properties, although, to improve these, 
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experiments are in progress to find a suitable alloy that will give 
greater strength and wear and not cause scratching. Where 
twisting guides are large enough, an alloy insert is made for wearing 
purposes. 

At some plants for twisting guides an adjustable roller-type 
equipped with roller bearings is being used, and has given entire 
satisfaction. In the use of the regular twisting guides they are 
subject to considerable pressure and wear from the bar. To elimi- 
nate this condition, the mill rolls are designed with diagonal passes, 
and in rolling rectangular sections the twisting guides are discarded. 

Bar mills rolling alloy steels are equipped on both the entering 
and delivery sides with guides made of grey iron with a chilled 
surface. This quality has been found more practical than alloy 
guides. Where the latter has been used, harmful scratches have 
occurred, owing to the affinity of similar alloys in the guide and 
product. 

Improvements in guides and devices for operating them may 
be mentioned : (a) To facilitate the entering of bars in close fitting 
guides, they are opened and closed by hand-operated levers. (6) A 
recent innovation is the use of the “electric eye”’ for the opening 
and closing of guides. This type is very efficient on mills equipped 
with mechanical repeaters. Its rapid operation contributes to a high 
yield and better product. (c) Entering guides with three tapered 
roller-bearing rollers in each guide are being employed at some mills. 
On }-in. to 1}-in. rounds, squares, hexagons, &c., production aver- 
ages 2000 tons per pair, which is approximately four times the ton- 
nage obtained from ordinary chilled-iron guides. These guides are 
applicable to a greater range of sizes, and the bearings and rollers 
can be replaced at a nominal cost. (d) Where chilled-iron guides 
are subject to severe shock and wear, they are now being replaced 
by forged-steel guides followed by rollers, to avoid scratching the 
bar. 


Shearing and Cutting. 


All rolled products as they leave the mill are either cropped or 
cut to proper length for subsequent handling and shipping. To 
achieve these results, a wide range of equipment for the different 
classes of product exists. 

Shear Knives.—F¥or hot-shearing operations tungsten-molyb- 
denum heat-resisting steel has supplanted other grades of steel to a 
considerable extent, with a marked increase in shearing efficiency. 
For cold-shearing the silico-manganese grade is popular. 

Bloom and Slab Shearing.—The shearing of blooms and slabs is 
accomplished on either an up-cut or down-cut type of shear, 
hydraulically or electrically driven, equipped with live roller tables 
on both sides. The tables are capable of being depressed with each 
stroke of the shear. The average life of a tungsten-molybdenum 
shear knife on a 35-in. blooming mill is about 5 weeks, giving a 
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production of 12,000 tons of alloy steel per knife. Using the same 
grade of knife steel, about 175,000 tons of soft steel slabs are cut 
per edge per grind. These knives are dressed once during their 
life. 

For shearing large slab sections, the steam-intensifier hydraulic 
type is used. Sections other than the slabs mentioned are sheared 
on both hydraulic and motor-driven shears. This type of unit is 
becoming popular and in all new installations it is the adopted type, 
replacing the hydraulic design, which has been found expensive to 
maintain and operate. 

Billet Shearing.—The shearing of billets above 2} in. square is 
usually done on motor-driven, up-and-down shears. The design 
is similar to a bloom shear, but its size is comparable with the size 
of billets cut. 

Billets in sizes of 2} in. and under are usually rolled on high- 
speed mills, and to provide the proper shearing facilities a flying 
shear is installed. 'Two types of flying shears are used, steam and 
electric, the latter being the more recent development and being 
used in the more modern mills. Both are synchronised with the 
mill speeds and cut up to 4 in. x 4-in. billets. The steam shear has 
a limitation in the length of its cut, whereas the electric shear has a 
much wider range. The tonnage produced from the knives in 
shearing the product from 21-in., 30-in. and 40-in. mills is 75,000- 
100,000 tons per shear blade when using the alloy blade. 

Bar Shearing.—Bars rolled on a continuous roughing mill, 
owing to severe twists and strains, have a “‘ fish tail ’’ on the leading 
end as they leave the mill. This end is cut off in a steam-operated 
shear similar to that described for billets. 

All modern mills are equipped with a shear of the rotary type. 
It is usually located following the finishing stand of the mill. It 
not only divides the bar into cooling-bed lengths, but also cuts test- 
pieces from the ends of the bars on their way to the cooling bed. 
Beyond the cooling bed is the shearing equipment for cutting the 
cooled mill products to lengths for shipment. In shearing flats and 
squares, plain knives are used, and in the case of rounds and shapes, 
shear knives grooved to fit the sections are required. 

Plate Shearing.—In shearing plates it is usual to perform this on 
motor-driven gate-type shears. Universal plates require end shear- 
ing only, whereas three-high mill plates require shearing of the ends 
and sides. Circular plates are sheared on a rotary-type shear. 
The silico-manganese shear blades used are from 72 in. long on a 
60-in. plate mill to 194 in. long on a 160-in. plate mill. These long 
blades are reclaimed by cutting them into shorter lengths and 
refinishing for use in other mills. 

Sawing.—Many products are sawn rather than sheared. For 
soft steel the saws are made of carbon steel, whereas the harder 
steels, such as rails, are cut with a medium-carbon, nickel-chromium 
steel. Saws are intended mainly for cutting off crop ends, dividing 
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the mill lengths where the cooling bed is short, and for cutting test- 
pieces. The life of a hot saw in a structural mill is about 75 hr. 
In passing over the cooling bed, structural shapes in long lengths 
are bent, and must be straightened, after which it is the custom, 
preparatory to shipping, either to shear or to saw angles, Z’s, large 
and small T’s, channels and beams to meet specified lengths. Cold 
saws have a life of about 250 hr. 

Rails are cut to length by several saws operated together, where 
the cutting is of a sufficient degree of length accuracy to obviate the 
necessity of milling. In the omission of milling a great economy is 
obtained. Rail saws give about 1000 cuts per grind. 

Flame Cutting.—There are many semi-finished products which 
exceed in dimension the capacity of mill shears. Products such as 
heavy slabs and plates are flame-cut with oxy-acetylene torches. 
Such cutting is also resorted to on slabs, billets, and bars for re- 
rolling. 

Cold-Shearing of Sheets and Tinplate.—The automatic pack shear 
for this class of product is quite generally used. In the cold-shearing 
of tinplate a high-carbon, chromium-vanadium-molybdenum steel 
is used for light gauges when the oxide has been removed from the 
steel. These blades are also used for rotary slitters, pinch knives, 
re-squaring knives, &c. For material from which the oxide has not 
been removed, a chromium-nickel-vanadium-molybdenum steel is 
used. 


Metallurgical Inspection, and Testing. 


It is the practice in most American mills to maintain complete 
chemical, physical and metallographic laboratories. The personnel 
of these laboratories act to control the processes leading to the 
finished product, to inspect and pass on the fitness of the product for 
shipment, and to contact the purchaser with regard to his problems 
and to the grades of steel which are most suitable for his various 
requirements. This work has become increasingly important in 
recent years on account of the complexities of the customers’ re- 
quirements and on account of the economies resulting from complete 
metallurgical inspection and control. 

The number of men involved in this type of work can best be 
expressed by their relationship to the tonnage of steel produced. 
In 1937 plants producing carbon steel made 5000 tons of steel per year 
per man in these departments. In an alloy-steel plant, where 
more metallurgical and inspection work is necessary, 1200 tons of 
steel per year per man were made. In 1923, fifteen years ago, 
one-third of this number of men were required, indicating the in- 
crease in care necessary to meet modern conditions. 

In carbon-steel plants about 15% of the total number of men in 
these departments serve in the chemical and physical laboratories, 
about 25% in metallurgical control and contact work and about 
60% in mill inspection. In an alloy-steel plant the distribution of 
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men is somewhat different, being about 25% for chemical and 
physical laboratories, 20° for metallurgical observation, and 55% for 
mill inspection. 

Most plants maintain a central chemical laboratory, with 
smaller laboratories situated at proper locations in the mill. For 
strictly chemical work the pneumatic tube systems for dispatching 
test specimens have enabled greater centralisation, with correspond- 
ing economies. The chemical laboratories handle all analyses of raw 
materials, analyses of materials during processing and analyses of 
the finished product. On certain grades of steel as many as twenty- 
five analyses of one element are made per heat. 

Metallurgical and observational departments can be divided 
into four general classes : 


(a) Metallurgical Supervision and Specifications.—It is the 
duty of the men in this department to set up standard processes 
for making and rolling the steel so that it will fit the customer’s 
requirements. On this general class also falls the main re- 
sponsibility for investigation work of various types aside from 
the duties of the regular research department. 

(b) Contact between the Plant and the Customer.—Technical 
representatives of the plant keep the metallurgical department 
constantly advised of current requirements and changing 
product trends. 

(c) Observation Department.—In order to ensure adherence 
to standard practices, temperatures, analysis, &c., it is neces- 
sary to maintain a corps of metallurgical observers who follow 
the processing of the product throughout all operations. 

(d) Physical and Metallographic Testing.—This laboratory is 
maintained in order that tests may be carried out to be sure 
that the product falls within the required physical limits set 
by the specifications. 


The inspection department in its broadest sense includes all of 
the above departments, but a distinct staff is carried for the purpose 
of closely inspecting the steel at various stages of manufacture. 
Inspection of the physical appearance and surface condition of the 
steel ingots is a regular procedure for guidance in further processing. 
Inspection of the surface of cold blooms and billets determines the 
amount of surface preparation necessary prior to subsequent roll- 
ing or forging. In this work it is necessary on many orders to 
bench-inspect each piece of the finished product for surface before 
shipment. 

A wide variety of testing work must be carried out by the 
metallurgical and inspection departments. Some of the tests which 
have become routine are grain size tests, hardenability tests, hot 
etch tests, hot fracture tests, impact, creep, and fatigue tests, and 
the examination of steel for inclusions by both standard and special 
methods, such as step-down tests (examination of machined sur- 
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face), &c. Tests of various types must be carried out at high and 
low temperatures on certain products. 

In plants manufacturing different grades of steel, it is particu- 
larly necessary that the heats be kept separate to avoid the mixing 
of the different heats being handled. From the time the ingots are 
cast in the open-hearth department and throughout the subsequent 
operations, elaborate precautions are taken to preserve their 
identity. As a further aid to ensure against the wrong grades of 
steel being shipped, spot-testing, for nickel, and spark-testing are 
used. This use of chemicals or the abrasive wheel gives the 
inspector additional means of identifying the various grades during 
processing and before shipment. These methods of check testing 
are particularly applicable to alloy steels and to those of varying 
carbon content. 
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CORRESPONDENCE. 


Mr. G. A. V. Russert (Sheffield) wrote that Mr. Bent’s authorit- 
ative review of American rolling-mill practice outside the field of 
wide strip production would be widely welcomed as coming from the 
operating head of one of the world’s most important steel companies. 

Those Members of the Institute who had planned to participate 
in the American visit and who had not had other opportunities 
for observing American practice at first hand would regret that cir- 
cumstances denied them the opportunity of actually seeing the many 
fine plants in the works under the author’s control, or elsewhere, 
to which he alluded in his paper. 

The first interest of a steel man from the old world in a paper 
like Mr. Bent’s was naturally, perhaps, to discover in it points of 
direct application in his own sphere, or, by a critical reading of the 
text, to divert reflection on his own problems into new and possibly 
fruitful channels. When using the paper in this manner it was 
clearly essential to bear in mind the difference between the funda- 
mental conditions existing in Britain and in the United States. 
For instance, while the relative areas of the two countries must be 
in the ratio of 1 : 40 or more, the populations were only in the ratio 
of about 1:3, and the approximate ingot capacity figures were of 
the order of 14,000,000 tons and 70,000,000 tons respectively, 
or in the ratio of 1:5. It was reasonable to infer, therefore, that 
though the anticipated potential consumption of steel in Great 
Britain on a per capita basis was somewhat lower than that in the 
United States, the greater average density of population prevailing 
would tend to make the demand on a representative British producing 
company of a more complex and miscellaneous character than that 
on its American counterpart. 

Another factor which should not be lost sight of was that the 
American steel industry had usually been fortunate in preserving 
relatively wider conversion margins in the prices of many important 
rolled-steel products, except when undue optimism had so enlarged 
the producing facilities in a given line—as for example, wide strips at 
the present time—that the scramble for orders to help carry over- 
heads depressed prices. Therefore, at any given level of operations 
the profitability of the American steel business tended to be greater. 

The figures that Mr. Bent gave of the construction costs of typical 
American rolling-mill plants for different purposes and products were 
illuminating in showing what large capital sums American operators 
felt justified in tying up in productive facilities. Taking the moderate 
figure of 10°, for interest and depreciation, the standing charges for 
some of the types of plant listed in Table IV. on the basis of produc- 
tive capacity given in Table II. worked out approximately as under : 


44-in, blooming mill ‘ . Is, 5d. per ton, 
Structural mill ; " a a + 
Bar mill ‘ ‘ . SSeS x a 
Rod mill : ‘ ‘ < QR: a 4%, 
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Such standing charges reckoned at even this moderate rate were 
so high compared with the principal elements of direct cost which 
might be expected in such plants that, bearing in mind the apparent 
downward trend in the annual utilisation factor of the producing 
facilities of the American steel industry as a whole, one wondered if 
a policy of less lavish capital expenditure would not be more attrac- 
tive commercially. 

Mr. Bent’s paper bristled with interesting technical matters 
upon several of which the writer would appreciate a little further 
elucidation. 

The importance of the ingot phase in steel production was rightly 
emphasised, and the particulars given of representative moulds 
for rolling ingots of different types were of interest in indicating 
a wide extension in the use of corrugated flanks for both slab and 
ordinary ingots. The writer would be glad to learn why the particular 
form of corrugation which was common to the moulds shown in 
Figs. 2, 3, 5, 6, and 7 was favoured in preference to that employed 
for the mould shown in Fig. 9 where the two radii constituting each 
corrugation were about equal. From several standpoints the latter 
type of corrugation would seem to be preferable. 

In reviewing rail-rolling practice Mr. Bent stated that an inter- 
mediate reheating of the bloom was generally favoured. It would 
be interesting to know what advantages in American practice 
were considered to accrue from this—whether an improvement of 
the surface, better control of the temperature, or a reduction of roll 
cost and of power consumption were the ends sought. In this 
connection the writer believed that the two highest capacity 
American rail mills, namely, Gary and Lackawanna,! had no re- 
heating facilities, as was also the case of the plant of an important 
Western producer. Did Mr. Bent mean to infer, when he stated 
that reheating was most favoured at the present time, that these 
plants, despite their productive capacity, were not contributing 
their quota to the rail production of the country, owing to the lack 
of reheating facilities, or that were they to be reconstructed pro- 
vision for reheating would be embodied ? 

In discussing the characteristics of ordinary-type reversing 
blooming mills with high lift and reversing universal mills for 
rolling slabs the author would seem to favour the latter type, pro- 
vided that the demand for slabs was sufficiently great to utilise fully 
the productive capacity of such a unit. In Table II., however, 
the productivity of the slabbing mill was given as somewhat less 
than that of the ordinary blooming mill of the same nominal size, 
while the construction cost of the slabbing-mill plant was, as would 
be expected, appreciably higher. It was difficult to see why the 
universal slabbing mill should be inferior to the blooming type of 
slabber in output capacity. The nature of the rolling practice, 


1 See Journal of the Iron and Steel Institute, 1925, No. I., pp. 58-59. 
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involving the virtual elimination of manipulation delays and the 
simultaneous working of the piece on both pairs of faces, should 
exert a contrary effect. On the other hand, the quality of slab 
produced by the blooming mill might be expected to be rather better 
than that of the product of the slabbing mill, unless special pre- 
cautions were taken in descaling. It would seem, therefore, that 
unless the higher theoretical capacity of a universal slabbing mill 
were actually obtainable, the simple high-lift blooming mill was 
the more economical slab producer. If very wide slabs were re- 
quired in big tonnages, say, over 50 in., then the universal mill was 
probably the more suitable type of plant. 

The productive capacity for the usual American structural-mill 
plants mentioned on p. 434 Pp and in Table II. would appear to be too 
low to justify the investment involved as given in Table IV. for such 
a plant. Actually, however, the writer believed that Mr. Bent 
had been extremely conservative in his rating, as generally similar 
plants belonging to other American companies had, to his knowledge, 
produced over 40,000 tons per month when trading conditions were 
favourable. 

As a contrast it was of interest to compare the potentialities 
of a more characteristic European layout for heavy shapes, bar and 
rail production. 

In a large and well-known West German works there was a 
36-in. reversing mill comprising five stands in line and driven by a 
reversing motor at either end. This comparatively simple plant 
had exceeded 75,000 tons of finished product per month. The reasons 
for its high capacity lay chiefly in the provision of four separate 
run-outs for the delivery of the rolled product in conjunction with 
the ability to employ any one of the five stands for roughing. There 
were thus several routings possible for various products, and, 
further, more than one product could be rolled simultaneously, 
affording in the aggregate much more operating flexibility than was 
the case with the layout of the characteristic American structural- 
mill plant as exemplified in Figs. 21 and 24. 


Mr. J. R. Lamperton (Coatbridge) wrote that this was one of 
the most interesting and instructive papers that had been presented 
in recent years; although covering such a wide field, a great deal 
of important detail in regard to construction and operation of many 
different types of mills was given in it. Where so much information 
had been provided it seemed greedy to ask for more, but the following 
comments and queries might not be out of place. 

Mr. Bent referred to the double motor drive on heavy reversing 
mills as a recent innovation. Actually this was patented by the 
English Electric Company as long ago as 1923, but, so far as the writer 
was aware, nothing was done in this line until about 1931, when a 
heavy reversing blooming mill was thus equipped by the Illinois 
Steel Company. The United Engineering and Foundry Company 
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had also some years ago an experimental mill in their own shops 
equipped with double motor drive, but he thought that this type of 
drive had not made much progress and the conventional pinion drive 
was still practically universally the rule. It was probable that there 
was not much saving, if any, in capital expenditure, and it might 
be that there were difficulties in synchronising the two motors 
exactly. Mr. Bent’s further comments on the pros and cons of this 
type of drive would be of interest. 

On p. 404 P a very interesting suggestion was made of the possi- 
bilities of using strip steel to make sections which were normally 
produced in a section or shape mill, i.e., presumably, channels, 
Z-barsandthelike. This, of course, was already done to some extent 
in light sections by the cold-rolling process, but two or three years 
ago there was a proposal to form a section such as a channel from strip 
or plate coming directly from the hot mill, 7.e., a strip or plate would 
be anything from } in. up to 1 in. thick and would be bent or formed 
into a channel or other shape by suitable guides and rolls. It would 
be interesting to know if any development had yet taken place on 
those lines. 

On p. 429P Mr. Bent remarked that hydraulic shears were in 
general use for both blooming and slabbing mills. In Britain, and in 
Europe generally, hydraulic plant—except for roll balances and the 
like—was being discarded. ‘The most modern shears, whether heavy 
or light, and whether for slabs, plates or bars, were usually preferred 
with electric drive. 

Mr. Bent remarked on p. 443 P that the automatic pressure lubrica- 
tion of roll-neck bearings was in the experimental stage. This, 
however, was a development which the writer thought was definitely 
beyond the experimental stage, as most modern mills were now fitted 
with automatic lubrication, not only to roll-neck bearings, but also 
to screws and chock bearing surfaces, and a definite economic gain 
was shown, not only in reduced wear and maintenance, but also— 
and very strikingly—in the consumption of lubricant, owing to the 
fact that the pump could be set to deliver the required quantity 
of lubricant to each surface. 





Mr. T. W. Hanp (Glasgow) wrote that, having carefully studied 
Mr. Bent’s paper, he had come to the conclusion that, subject only 
to the exceptions stated, this paper so completely covered the whole 
field of modern practice in rolling-mill layout and operation that 
there appeared to be no scope for criticism and very little oppor- 
tunity for comment which would add to the general usefulness of 
the paper as recorded. There were, however, many points which, 
from time to time, roused controversy in Great Britain, and it would 
be interesting if the author would give his further views on these. 

On p. 400 P a very interesting recent innovation was referred to 
as the double motor drive, in which one motor was connected to 
the upper roll, and the second similarly connected to the lower 
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roll, of the mill, the usual mill pinions being entirely eliminated. 
A somewhat similar method of driving had been in use in Britain 
for many years on certain special mills, in particular for the rolling 
of tyres and, about fifteen years ago, the system described in the 
paper was tried out in an experimental sense on an existing 3-stand 
mill train which was equipped with a reversing motor at each end. 
The results of this trial were in every way satisfactory and, in fact, 
convincing, but obviously the innovation was ahead of its time, as 
only within recent years had the system been put into practical 
effect on a reversing mill at work in the non-ferrous industry in 
Britain and the larger mill installations of America to which the 
author referred. 

On p. 428 Pp, where the system was again mentioned, reference was 
made to certain advantages, but as the arrangement was admitted 
to be more costly in installation, and the proved reliability and 
efficiency of modern mill pinions was now well known, it would be 
interesting if Mr. Bent would state the actual advantages aimed at 
and his own opinion as to whether these were really worth while. 

On p. 431 P, under the heading of “ Plate Mills,’”’ reference was 
made to the former use of roughing and finishing mills in tandem and 
the reasons why this method of operation, except in the case of light 
jobbing plate mills, had been abandoned. Apparently in all respects 
other than operating costs these mills were entirely successful, and 
as in Britain objection had at times been taken to the system 
owing to the probability of an objectionable temperature drop of 
the steel in transfer from mill to mill, some expression from Mr. 
Bent as to what had been actually experienced in this respect would 
be appreciated. 

In dealing with plate-mill drives of non-reversing type, Mr. 
Bent referred to the use of direct-connected flywheels as typical 
practice, whereas in Britain it had been found that the use of a 
direct-coupled motor served by a flywheel converter set had many 
advantages in the way of speed variation and the entire elimination 
of the dangers associated with the direct use of stored energy in 
the event of undue overloading being accidentally imposed on the 
mill. Perhaps Mr. Bent would state definitely whether or not he 
considered a constant-speed drive with a direct-coupled flywheel 
would be adopted as a perfectly safe and satisfactory drive for any 
newer 3-high plate mills to be installed in America. 

In dealing with semi-continuous mills on p. 438 P, Mr. Bent con- 
cluded with the statement that, with repeaters controlled by the 
** electric eye,” it had been found possible to handle material much 
too stiff to be turned or looped by hand, and this at a faster speed. 
Presumably this improvement related to turning in the ovals at 
the front side of the mill, and, on the assumption that man-handling 
of the piece had been entirely eliminated at this point of the mill, 
it would be exceedingly interesting if Mr. Bent would describe the 
devices more fully. 
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AUTHOR’S REPLY. 


Mr. Quincy BEnT wrote in reply to Mr. Russell’s inquiry as to 
why the forms of the corrugation in moulds as shown in Figs. 2, 3, 5, 
6 and 7 were favoured in preference to that of Fig. 9, that the designs 
and forms of corrugation as shown had been the result of several 
years’ experience in the use of this type of mould. The general use 
of the corrugated mould had been found particularly advantageous 
where surface was an important factor in the finished product. 

By reference to the sketches in Figs. 2, 3, 5 and 6, one would 
observe that the widths of the corrugations varied slightly, increasing 
from the centre of the mould towards the end. One would also note 
that on the long side of the mould in each corrugation a flat surface 
was formed. These flat surfaces, if projected, would intersect at a 
common point on the centre line of the mould, and about 3 in. from 
the inside edge. This form of corrugation allowed the ingot to shrink 
when cooling prior to stripping, so that the surface of the ingot 
would not touch the wall of the mould as it contracted. If contact 
was made between the ingot and the mould, surface defects might 
occur on the ingot that would affect the finished product. 

The advantage of this design of corrugation was more pronounced 
in slab moulds, where the ratio was about two to one between the 
long and narrow side of the mould. 

The form of corrugation shown in Fig. 9 for an approximately 
square mould had given satisfaction for semi-killed steel ingots used 
for structural material. 

In reply to Mr. Russell’s inquiry as to the advantages of the 
intermediate heating of blooms in the rolling of rails, the author 
wished to say that the practice of intermediate heating of rail 
blooms had been adopted on the majority of rail mills in the United 
States largely to improve the yield, surface and quality. Such mills 
as were not equipped for intermediate reheating would, he believed, 
in the event of rebuilding, provide this facility. 

The purpose of reheating was to restore the temperature to the 
bloom and also to equalise and control the heat throughout the length 
and section of the bloom. Uniform and controlled heat in the bloom 
also permitted of cutting the rails at the hot saws to exact length so 
that the finished rail, after cooling, would be within the specified 
length tolerance without resawing. 

Reviewing Mr. Russell’s comments on the ordinary type of 
reversing blooming mill and the reversing universal mill for rolling 
slabs, the author would say, further, that the choice between a 
modern high-lift blooming mill and a universal slabbing mill to 
produce slabs was somewhat contingent upon the service that the 
mill was proposed to perform. 

Very recent innovations in blooming-mill design and construction, 
which permitted high lift and rapid screwdown speed, together with 
lower installation costs and simplicity of mechanical parts, had made 
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the blooming mill attractive for slab production. Heretofore when 
wide slabs were required, the universal slabbing mill was the 
accepted method of production. The development of the blooming 
mill as a slab producer had been brought about by the change which 
had taken place within the last ten years in the method of producing 
flat rolled products by the advent of the continuous strip mill. 

One of the disadvantages of the conventional universal slabbing 
mill was the inability to do sufficient edging work on heavy ingots, 
with the result that where a variation of slab widths was needed, the 
steel plant was required to make numerous sizes of ingots at varia- 
tions in widths of as little as 4-6 in. The modern blooming mill, 
on the other hand, could do any amount of edging work on the slab, 
which not only produced a better-quality slab, but also eliminated 
the need for a large number of ingot widths. This feature of the 
bloomer also afforded greater flexibility in meeting a varied rolling 
schedule for both slabs and blooms. 

Two mill installations had been completed in the United States 
within the last year. In one instance, a modern high-lift bloomer 
was installed to produce slabs up to 62 in. wide for a 96-in. wide 
continuous strip mill. In the other a universal slabbing mill was 
installed to produce slabs 8 in. x 60 in. x 20 ft. 0 in. long, weighing 
45,000 lb., for an 80-in. wide continuous strip mill and also for plate 
mills. 

A careful analysis was required for each installation to determine 
which type of mill was best suited to the requirements. 

Capacities for the different mills shown in Table II. were from 
actual records of production, and should not be taken to indicate the 
average productions of such units. The Table did not mean to convey 
the impression that under all rolling schedules a blooming mill was 
capable of producing slabs in greater quantity than a slabbing mill. 

Mr. Russell’s comments relative to a comparison of American 
and English practices were quite to the point, particularly his 
observations relative to capital investment and its profitable return. 
The author wished to call his attention to two features which were 
perhaps not forcibly expressed in the original paper. First, the 
return on the investment which, even by the saving of a dollar or so 
a ton in costs, ran into very large figures in periods of extreme 
activity, as well as the profit from the additional tonnage available 
for sale due to modern mill capacity when demand was present. 
Secondly, practically all of these developments and expensive 
installations had improved the quality of the product either in 
physical characteristics or in useful dimensions to a point where it 
was often difficult to market the old product in competition with the 
output of the modern mill. Quite often the management must make 
the decision based upon competitive necessity as well as on the 
consideration of financial return. 

To substantiate this statement, the author need only give in- 
stances of preference given to the product of modern rod mills where 
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the section and size were more uniform, modern bar mills where 
tolerances had been substantially reduced, and cold-rolled tinplate 
and sheet mills where the physical properties, uniformity of gauge 
and surface exceeded those which could be produced by older 
roliing methods. 

In reply to Mr. Lamberton’s query relative to twin motor drive, 
the author wished to submit that since 1931 several twin motor drives 
had been installed on slabbing and blooming mills. In this type of 
drive, an individual motor was applied direct to each of the top and 
bottom rolls in the mill, thereby eliminating the pinion stand. 

These applications had been made to large mills where a single 
motor drive of approximately 10,000 H.P. would have been required. 
Twin motors were given preference because motors of proper 
characteristics had not been developed in sizes large enough for the 
conventional single motor drive. 

This twin type of drive required an elaborate system of electric 
control to synchronise the motors in order to maintain equal 
peripheral speed in the mill rolls. This speed control gave some 
difficulty on the earlier installations, but had since been corrected 
and the drives now operated satisfactorily. 

In reply to Mr. Lamberton’s inquiry if any development had 
taken place to form structural sections from strip or plate coming 
directly from the plate or strip mill, he would say that no substantial 
progress has been made in the production of standard structural 
sections coming directly from the mill. 

Numerous cold-roll-forming installations had been made, how- 
ever, on which a wide variety of light sections, both tubular and open, 
were being produced for use in steel house framing, building trim, 
steel furniture fabrication, car building, mono-rail tracks, the auto- 
motive industry, &c. In the forming of these sections, coiled strip 
steel was in general use, ranging from 20 gauge to 3 in. in thickness 
and from very narrow widths up to approximately 30 in. 

There was a very decided trend in all lines of manufacture 
towards lightness and strength. The availability of strip steel to- 
gether with developments in cold-roll-forming had made possible 
the economical use of many light-weight shapes of correct section 
modulus for the particular design under consideration. The 
tendency in cold-roll-forming, therefore, was away from standard 
structural shapes and in the direction of individuality in application. 

Through cold-roll-forming, strip steel was entering new fields, 
and indicated the possibility of an outlet for a considerable tonnage in 
the future. 

Relative to Mr. Lamberton’s comment on the use of hydraulic 
shears, the author would say that in the earlier installation of 
blooming and slabbing mills the hydraulic or steam-intensified /hy- 
draulic shears predominated, as the electric type was not fully 
developed at that time. In the more recent installations, however, 
where the capacity did not exceed 1200 tons, electric shears had been 
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developed to a point where their application was successful. For 
capacities beyond the range of the electric shear, hydraulic shears 
were still employed. 

The automatic lubrication of roll-neck bearings, to which Mr. 
Lamberton referred, applied only to sheet mills. It should not be 
confused with automatic pressure greasing systems used on blooming 
mills and other rolling mills, which applications had been success- 
fully used for several years and were past the experimental stage. 
The statement made on p. 443 p that the automatic lubrication of roll- 
neck bearings on sheet-mill rolls was in the experimental stage was 
substantially correct at the time that this paper was prepared, as 
there were then only one or two sheet-mill stands so equipped in the 
United States. Recently, additional stands had been equipped with 
this system, and the results obtained indicated that the use of 
automatic lubrication would be satisfactory. The advantages to be 
gained from its application were : 


(1) Elimination of grease splash on the sheets being rolled. 

(2) A 25% to 35% saving in power required to drive the 
mill. 

(3) From 400% to 600% longer life on the bearings in use on 
the mill. 


The automatic pressure system required in its operation a 
higher-priced grease than that ordinarily used. The extra cost of the 
lubricant, however, was offset by a smaller consumption, so that 
the final grease cost in either case was about equal. 

Development of the automatic lubrication system on sheet-mill 
roll necks had been somewhat retarded. A commercial grease was 
not available which could be pumped under pressure and stand 
up under the temperature encountered on sheet mill roll-neck 
bearings. With the grade of lubricant available at present, the 
temperature of roll-neck bearings must be restricted to about 650° F. 

Mr. Hand inquired as to the advantages of the double motor 
drive. The author believed that the merits of this type of drive 
were covered in the reply to Mr. Lamberton. 

Mr. Hand inquired as to the experience with the operation of 
plate mills with two stands arranged in tandem. There were several 
such installations in the United States, and their operation had been 
satisfactory, particularly on the production of lighter gauge plates. 
The surface finish of these plates was of good quality. The author’s 
information was that there were no detrimental effects from tempera- 
ture drop between the mill stands in the rolling process. The 
monthly output averaged about 15,000 tons. 

The particular advantage credited to the tandem mill was uni- 
formity of gauge and surface finish. The output on thick plates, 
however, had not been greatly in excess of that of a single-stand mill, 
and the cost of construction, maintenance and operation of two 
mills was greater than that of one. 
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In recent years the new semi-continuous plate mills and con- 
tinuous strip mills were producing plates up to 3 in. thick by 90 in. 
wide, which covered the range most suitable for the two-stand, 
tandem three-high plate mills. Consequently, the tandem plate mill 
had little call in the American steel mill programme of to-day. 

With reference to Mr. Hand’s inquiry relative to the adoption 
of a constant-speed drive with a direct-coupled flywheel for a three- 
high plate mill and whether such a drive would be safe and satis- 
factory, the general practice in the United States was to drive such 
mills with a constant-speed, non-reversing A.C. motor, equipped 
with a flywheel. Two types were in use, (a) a slow-speed motor 
direct-connected to the mill pinions with the flywheel mounted on 
the motor shaft, and (6) a higher-speed motor driving through a 
gear reduction to the mill pinions, in which case two smaller fly- 
wheels were mounted on the pinion shaft of the gear reduction. Both 
had proved to be entirely satisfactory from an operating standpoint, 
and were more economical to install as compared with a direct- 
connected motor, with an independent motor-generator flywheel 
set to take care of peak-load conditions. While the latter type of 
drive was admittedly more flexible from a speed regulation stand- 
point, this feature had not been found essential in the operation 
of three-high plate mills in America. 

There were other modifications to the A.C. drive that might be 
considered. A synchronous motor without a flywheel might be 
direct-connected to the mill pinions or through a gear-case to the 
mill pinions, provided that the power-load conditions in the electrical 
transmission system of the plant were such that the peak power 
loads could be absorbed without penalty. The A.C. induction motor 
coupled with flywheels, however, had found favour on account of 
its simplicity and cheaper installation and operating costs. 

Mr. Hand requested a more complete description of the devices 
used in “ electric-eye ’’ controlled repeaters as used on merchant 
mills. The “electric eye” was a standard photo-electric cell. 
Instead of using the conventional method of energising it by the 
interruption of a light ray shining into the cell from an outside 
point, the photo-electric cell was normally kept in darkness, and the 
light of the hot bar was used for energising it. This was accomplished 
by arranging for the bar, in its travel, to pass through a dark enclosure 
with an aperture in the roof or one of the walls, on which was 
mounted the photo-electric cell. It was protected from the heat 
of the bar by passing the light through a water-screen between two 
parallel plates of glass. Mechanical motion was obtained either 
by solenoids or by motors operated from the relay of the photo- 
electric cell. 

In the repeating of bars referred to by Mr. Hand, three movements 
were controlled by photo-electric cell, (a) the twisting of the bar, 
(b) the ejection of the bar from the repeater trough, and (c) the 
closing of the movable guide. 


‘ 
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Twisting was accomplished by a rotatable guide at the entry 
end of the repeater. The guide received the bar from the rolls with 
the axis of the oval in the guide normal to the axis of the roll pass. 
After the bar had entered the guide, a solenoid operated from an 
electric eye rotated the guide to the proper angle to hold the oval 
in the upright position for entry to the round pass. 

Ejecting the bar from the repeater trough and closing the loose 
guide were both operated by separate solenoids energised from a 
common electric eye. The guide was closed by rotating a con- 
ventional coarse-pitch screw. The bar was ejected from the re- 
peater trough by a bell crank operating upwards through a gap 
across the section of the repeater trough. ‘The mechanical ejecter 
permitted of designing the repeater trough more suitably for re- 
taining the front end of the bar in the proper path until it had entered 
the next pass. 

In addition to the operations described, electric eyes were also 
used to control the automatic cutting of bars to hot-bed lengths 
and all the various movements of the hot-bed mechanism. 

This means of control had been found simple, dependable 
mechanically, and accurate in timing. 
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THIRD REPORT OF THE STEEL CASTINGS 
RESEARCH COMMITTEE. 


By A JOINT COMMITTEE or tHe IRoN AND STEEL INSTITUTE AND THE 
British IRoN AND STEEL FEDERATION. 


This report is published as Special Report No. 23. It was pre- 
sented for discussion at the postponed Autumn Meeting of the Iron 
and Steel Institute, held in London on October 26, 1938, and an 
invitation had been extended to the Institute of British Foundrymen 
and the General Steel Castings Association for their members to take 
part in the proceedings. The discussion and Committee’s reply 
follow the summary below. 


SUMMARY. 


Tuts Report is divided into six Sections, of which Section I. 
is introductory in character. 

Section II. is concerned with the fluidity of iron-carbon and 
other iron alloys, and is divided into two parts. In Part A, which 
deals with the fluidity of alloy steels, J. H. Andrew, G. T. C. 
Bottomley, W. R. Maddocks and R. T. Percival report on fluidity 
tests carried out with the standard spiral mould described in the 
Second Report of the Steel Castings Research Committee, which 
have been extended to iron-carbon alloys containing varying 
amounts of silicon, copper, chromium and nickel, respectively. In 
order to correlate the fluidity numbers with the liquidus and solidus 
ranges, freezing- and melting-point determinations were made on 
all the alloys dealt with. The system of plotting the fluidity values 
at a temperature lying 50° C. above the liquidus curve was again 
adopted, but a better system was found to be to plot the temperature 
at which the fluidity was 12 in. against the composition. The curves 
derived in this manner follow the liquidus curves very closely. It 
is clearly evident from the results that temperature is the all- 
important factor with respect to fluidity, composition in itself 
playing a minor part. 

Part B of Section II., on the Ruff fluidity test, is in three sub- 
sections, the first of which includes some introductory comments 
on the Ruff test for the running quality of liquid metal and gives 
a brief account of the principles on which this test is based, as 
described in Ruff’s paper (published in the Iron and Steel Institute, 
Carnegie Scholarship Memoirs, 1936, vol. 25, p. 1). The second 
sub-section, by T. R. Walker, describes results obtained in two 
foundries with the Ruff fluidity test; full details of the mode of 
carrying out the test are given. In each foundry, on grouping the 
results on the basis of the remarks of the foundry staff, the average 
pouring temperature and the average length of the test rod, they 
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were in general agreement, but there was considerable variation 
in the figures given by different casts receiving the same foundry 
verdict and therefore included, in the same group. The third sub- 
section, by R. J. Sarjant and T. H. Middleham, deals with fluidity- 
temperature relations of cast steels of various compositions; the 
Ruff test was used. The results reported indicate that this method 
of testing fluidity gives a definite relationship between the fluidity 
of cast steel and its temperature. The results are reproducible 
within limits which are sufficiently accurate for practical purposes. 
The fluidity-temperature relations so determined demonstrate the 
following: (a) Very low-carbon steels, namely, Armco iron and 
Swedish charcoal iron (practically identical in composition in regard 
to carbon, silicon and manganese) showed divergences of fluidity to 
be attributed to differences of composition in other respects, ¢.g., 
oxygen. (b) The general form of the fluidity curves indicating the 
behaviour of carbon steels, which had been communicated in the 
Committee’s Second Report on the indications of a spiral form of 
test-piece, was confirmed, except for some divergence in the compo- 
sitions corresponding to the peaks in the fluidity-composition curves 
for specified degrees of superheat above the liquidus temperature. 
(c) Additions of small amounts of aluminium (up to 0-3%), of silicon 
(up to 1%), and of manganese (up to 1%) conferred increased 
fluidity on low-carbon steel; the contributory influence of the 
state of deoxidation of the steel is discussed. (d) Additions of copper 
(up to 2%) produced only a slightly increased fluidity, which in 
the case of a 2% copper content was not increased by further addi- 
tions of silicon (0-5%) and manganese (0-5%). Practical trials in 
the steel foundry have shown the method to have the necessary 
simplicity and convenience for industrial purposes and to give 
pertinent information regarding the running characteristics of a 
steel for a given casting operation. 

In Section III., M. Alexander reports on the results of an in- 
vestigation to determine the effect of 1% of copper in cast steels 
containing a little less than 0-3% of carbon with high and low 
manganese contents, 0-8% of chromium, 1-5% of nickel, and 1:5% 
of nickel together with 0-5% of chromium. The results, including 
the macroscopic examination of castings of these compositions, 
indicate that copper is a valuable alloying element in steel castings. 
It improves the mechanical properties of the annealed steels and 
renders the castings susceptible to a hardening treatment which can 
be carried out at a temperature below the critical range without 
distortion or the setting-up of internal stress. The full effect of 
the temper-hardening treatment cannot with advantage be employed 
on account of the accompanying embrittlement. To avoid an 
undue fall in impact strength, it is necessary to provide a sufficiently 
tough matrix by keeping the carbon low, and to reheat at a tempera- 
ture higher than that giving maximum hardness in order to cause 
some coalescence of the precipitated constituent. 
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With a carefully balanced composition and suitable treatment 
very good mechanical properties may be secured in castings by the 
addition of copper to a variety of low-alloy steels. 

H. F. Hall in Section IV. describes the continuation of a research 
on the strength and ductility of cast steel during cooling from the 
liquid state in sand moulds. Tensile tests were made with apparatus 
described in a previous Report and it was found that an increase of 
the manganese to 1-2% in 0-18% carbon steel caused a very slight 
lowering of the temperature at which ductility set in, followed by a 
rather quicker increase in the tensile strength and elongation than 
in the low-manganese steels. A further increase of the manganese 
to 2-5% had relatively little effect. High sulphur caused a pro- 
nounced lowering of the temperature at which the steel acquired 
ductility and a marked decrease in tensile strength at temperatures 
down to well below 1200° C. Tests were also made on high-carbon 
and high-alloy steels, and on low-carbon steels at a slower rate of 
straining. 

A test was developed, after a series of preliminary experiments, 
with the object of indicating the susceptibility of a steel to hot- 
tearing. It consisted of a casting composed of a set of test bars of 
graduated sizes. Each test bar possessed end flanges and an 
enlarged middle portion, or bulb, which, by reason of its delayed 
cooling, predisposed this part of the bar to failure. These bars 
fractured by contraction pull when critical values of the bulb 
dimensions were exceeded. ‘The controlling factor could be varied 
by a change in the ratio either of the length or of the diameter of 
the enlarged portion to that of the rest of the bar. Such a casting, 
when used in conjunction with the tensile tests, would afford a 
direct comparison of the susceptibility to contraction cracks with 
the tensile data determined. 

Section V. constitutes the first report of the Moulding Materials 
Sub-Committee, and records the results of a number of investigations 
carried out on moulding materials. The very foundation of the Com- 
mittee’s work is the availability of thoroughly standardised and 
accurate methods of assessing the moulding properties .of foundry 
material; they have therefore devoted much attention to the 
examination of present methods, and efforts are being made through 
a national sub-committee, consisting of nominees of the Moulding 
Materials Sub-Committee, the British Cast Iron Research Associa- 
tion, the Institute of British Foundrymen and the British Non- 
Ferrous Metals Research Association, to set up authoritative 
standard test methods which will command general acceptance. 

The Sub-Committee’s report first deals with methods of testing 
moulding sands. A classification is suggested for sieve tests on 
moulding sands, and is compared with other existing classifications. 
A questionnaire on testing methods circulated to six laboratories 
represented on the Sub-Committee revealed the need for close 
consideration of testing methods with a view to their standardisa- 
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tion. K. W. Slack and W. J. Rees describe the examination of the 
efficiency of a sieving machine. 

Next follows a consideration of elutriation methods, which in- 
cludes reports on sand testing with the Boswell and the Crook 
elutriators, by T. R. Walker; on the effect of different water 
velocities on the grading of sand by the Crook elutriator, by R. J. 
Sarjant; and on a modification of methods of grading moulding 
materials, by K. W. Slack and W. J. Rees. 

The next general subject dealt with in the Sub-Committee’s 
report is the compression strength of moulding materials. After 
a brief reference to the influence of the type of oven used for drying 
test-pieces on the results of the test for dry strength, sub-sections 
on dry sand testing, by T. R. Walker (showing the need for standardis- 
ing the testing method in regard to the drying oven used and the 
desiccator in which the specimens are cooled); on the effect of 
standing time on the green and dry strength of moulding sands 
by T. R. Walker (showing the way in which the strength of a green- 
sand mixture alters on being allowed to stand); on an investigation 
of the effect of variation in the drying temperature on the dry 
strength of a Belgian red steel-moulding sand, by K. W. Slack 
and W. J. Rees; and on the effect of atmospheric moisture on the 
crushing strength of dry-sand moulds, by R. J. Sarjant, M. Brown 
and W. H. Salmon, are presented. 

The next matter to be dealt with is the refractoriness of mould- 
ing sands. Under the heading of the sintering test K. W. Slack 
and W. J. Rees present the results of their investigation of the 
effect of the firing temperature employed on five different sands. 
Next, R. J. Sarjant contributes a note on sintering tests, in which 
he describes the platinum-strip method of estimating the sintering 
temperatures of moulding materials, notes the influence of various 
factors on the sintering point, and discusses the correlation of the 
sintering point with the refractoriness value. 

Considerable space is devoted to the consideration of synthetic 
moulding sands. An essential preliminary to comparisons of the 
bond strength of the bonding agents used in their preparation is 
the selection of a standard sand, and T. R. Walker contributes a 
discussion of this subject, with data on the bonding power of twelve 
clays of British origin with Leighton Buzzard No. 52 sand as the 
base. Next follow contributions on the bonding of Leighton 
Buzzard No. 52 sand with bentonite and with bentonite plus dextrin, 
by F. N. Lloyd; on a comparison of the bond strength of two ball 
clays and Derby fireclay with (a) Chelford silica sand, and (6) King’s 
Lynn red sand, by T. R. Walker; on the bond strength of plastic 
fireclays from (a) Westerdale, (b) Huttons Ambo, and (c) Halifax, 
with a high-silica sand, by K. W. Slack and W. J. Rees; on the 
bonding power of two clays (Kingscliffe and Frith (Wrexham) clays 
with Leighton Buzzard No. 52 sand), and the effect of silt on the 
permeability of a steel moulding sand, by K. W. Slack and W. J. 
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Rees; on the effect of flocculation and deflocculation on naturally- 
and synthetically-bonded moulding sands, by K. W. Slack and 
W. J. Rees; on the effect of dextrin and sulphite lye on the bonding 
of high-silica and clay-bonded steel-moulding sands, by K. W. Slack 
and W. J. Rees; and on the behaviour of some synthetically- 
bonded moulding materials when subjected to repeated drying, by 
K. W. Slack and W. J. Rees. 

The Sub-Committee have also given attention to the study 
of moulding compositions or ‘‘ compos.’’ Notes on the following 
subjects are included under this heading : An experimental mixture 
of Belgian yellow sand and firebrick grog, by K. W. Slack and 
W. J. Rees; an investigation of the merits of ball clay and china 
clay, respectively, for use as a bonding material in the making of 
moulding composition, by K. W. Slack and W. J. Rees; a com- 
parison of two moulding compositions, using crushed firebrick and 
crushed raw Ayrshire bauxitic shele as grog, by K. W. Slack and 
W. J. Rees; the testing of moulding mixtures containing crushed 
millstone grit from Ashover, Derbyshire; and the effect of variation 
in the drying temperature on the dry strength of moulding com- 
positions, by K. W. Slack and W. J. Rees. 

The last subject to be dealt with in this report is that of new 
sources of moulding materials. Imported moulding sands are still 
used in a number of foundries in Great Britain, and if satisfactory 
alternatives of home production could be provided, economic as 
well as other advantages in regard’ to security of supply might 
result. In this sub-section the results are presented of the in- 
vestigation of Erith moulding sand, millstone grit from Chesterfield 
and decomposed millstone grit at Tryddyn, near Wrexham (probably 
from Cefn-y-Fedw sandstone). The properties revealed in these 
tests are recorded in detail. 

Section VI. consists of a bibliography, prepared by the Library 
and Information Department of the Iron and Steel Institute, on 
the manufacture, properties and testing of steel castings (moulding 
sands are not included). The period covered is from 1920 to 1937. 
It is divided into the following sections: General steel foundry 
practice; manufacture of steel for castings; design of steel castings ; 
cleaning of castings; gates, runners and chills; moulding practice ; 
production of special castings; cooling phenomena and defects of 
castings ; welding of steel castings; heat treatment of steel castings ; 
properties, tests and examination of steel castings; and steel 
foundry plants. 
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DISCUSSION. 
Section V. 


Mr. J. G. PEARCE (Birmingham) said he had read the first report 
of the Moulding Materials Sub-Committee with very great pleasure, 
and thought that the members of that Sub-Committee were to be 
congratulated both on the volume of material dealt with and on 
the conclusions reached. ‘The subject was of vital importance to 
all makers of cast materials. The British Cast Iron Research 
Association began its work on moulding and core sands about 
twelve years ago, when Dr. Skerl started to investigate them at the 
University of Sheffield under the supervision of Mr. Rees. That 
work was transferred some years later to the headquarters of the 
British Cast Iron Research Association and was afterwards con- 
tinued by Mr. W. B. Parkes, who would comment on some of the 
technical aspects of the report of the Sub-Committee, but in spite 
of that transfer of the work the extremely valued connection with 
Mr. Rees was still maintained. 

In those early days the importance of moulding materials and 
their control and testing was very much less accepted than was 
the case to-day. The British deposits of natural moulding sands, 
at any rate so far as iron foundries were concerned, were abundant 
and satisfactory, so that there was lacking the incentive which drove 
people in America to establish their well-known sand-testing 
methods, and consequently the apparatus which was formulated 
originally for testing and control aimed at simplicity and cheapness. 
Sand testing to-day was sufficiently widespread and its control was 
in sufficiently experienced hands to render those factors of less 
importance, so that they welcomed the formation of the joint 
committee, referred to on pp. 129-130 of the Report, of the four 
bodies interested in the matter: The British Cast Iron Research 
Association, the Iron and Steel Institute, the Institute of British 
Foundrymen and the British Non-Ferrous Metals Research Associa- 
tion. The object of that joint committee, representing those 
interests concerned with the use, treatment and control and testing 
of moulding sands, was to arrive at a mutually agreed basis for 
sand testing which might ultimately become a national standard. 
There were many difficulties in the way, but it was not felt that 
they were insuperable. 

So far as the position to-day was concerned, it was not too 
much to claim—and again he spoke for iron founding—that the 
success of any system for the quantity production and continuous 
production of castings depended largely upon sand control, and 
the importance of moulding material and its control in practice 
was now nowhere disputed. The small jobbing foundry could get 
along using the methods which had been customary for several 
generations, primarily depending upon the addition of raw sand 
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periodically to the floor sand, but during the past few years there 
had been an enormous development in the direction of the quantity 
production and continuous production of castings using an almost 
closed sand cycle, and the development of sand testing would have 
been imperative in that connection had no other steps been taken 
towards that end. 

It only remained for him to add that one of the British Cast Iron 
Research Association’s research reports, referred to on p. 146, would 
be published in the near future, and would be given to the Inter- 
national Foundry Congress in London which was being organised 
by the Institute of British Foundrymen to take place in June, 
1939. 


Mr. W. B. ParkEs (Birmingham) said that there were two points 
in the report on which the experience of the British Cast Iron Research 
Association seemed to differ from that of the members of the Sub- 
Committee. The first was the relationship between burning-on and 
the sintering point and the composition of the moulding material. 
If he read it aright, the report regarded the material on the surface 
of the sand—the clay grade—as the important factor, but he had 
noticed that the majority of steel foundry sands had a very re- 
fractory base sand but not necessarily a refractory clay coating, and 
to check that up they took an ordinary red Bunter sand with a 
rather low fusion point, removed the clay and replaced it with a 
fairly refractory clay with a fusion point of 1550°. They then took 
a more refractory silica sand of the same dominant grade and put 
on that a clay with a fusion point of 1250° and made a casting in 
each sand. The mould with the refractory base and the fusible 
clay in all tests stripped the more easily. 

The second point was the effect of silt on the permeability. 
He thought that the difference there was apparent rather than real. 
In the first place, when doing some tests with Mr. Sheehan, who 
was a member of the Sub-Committee, some years ago, they made 
permeability measurements on a number of coarse and fine sands, 
and found that the addition of 5% of silt to a really coarse sand such 
as that mentioned in the report produced a fall in permeability of 
between 20 and 50%, depending upon the ratios of the diameters 
of the two grades, whereas in the report the silt content of a bonded 
sand originally containing 5% was increased to 10%, and there 
was no appreciable fall in the permeability. As the sand con- 
tained bentonite he thought that possibly the added silt was ab- 
sorbed by the bentonite-water emulsion, and for that reason had no 
effect on the permeability. There was a somewhat similar case 
dealing not with silt but with moisture in a paper by W. Y. 
Buchanan during the previous year; it was found that if the dry 
apparent density of the test-piece was kept constant, the addition 
of 3-15% of water had no effect upon the permeability. It might 
be found on further examination that the silt added by Mr. Rees 
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was taken up by the bentonite emulsion in the same way that 
water apparently was. 

With regard to the sieving tests and mechanical analysis by 
water currents, their experience had been exactly the same as 
that of the Sub-Committee, except that the sands used in the iron 
foundry were considerably finer on the whole than those tested by 
the Sub-Committee, and their difficulties had consequently been very 
much greater. For example, one hour was given as the time re- 
quired to hand-sieve the sand with any degree of accuracy. They 
had sieved a fine sand of fairly uniform grain size and found that 
the separation was almost useless after four hours’ hand-sieving, 
and they were now recommending that where sieving was carried 
out fairly frequently, machine-sieving was almost essential. There 
was also very considerable difficulty in obtaining fine sieves which 
were in accordance with the specification and they were also very 
easily damaged, so that sieving results were not entirely reliable. 
The substitution of separation by water currents seemed to offer 
a solution of the problem, but if that were to be successful it would 
be necessary to have a greater degree of standardisation than 
existed at present. It would be necessary to have some correction 
for the change in viscosity of water with change of temperature. 
The usual procedure was to tell the man in the foundry that he 
must get water at 15° C., but that was not so easy as it sounded. 

He would again congratulate Mr. Rees and the other members 
of the Sub-Committee on the quantity and quality of the work 
which they had carried out in a comparatively short time. 


Dr. J. G. A. Skert (London) welcomed the series of papers 
presented by the Sub-Committee as complete evidence of the develop- 
ment of co-operative moulding sand research in a branch of the 
foundry industry which had been very conservative in its attitude 
in this direction. As mentioned by Mr. J. G. Pearce, it was now 
some years since the British Cast lron Research Association com- 
menced research work on moulding sands, when the general attitude 
of foundries to this problem was different from that adopted to-day. 
As the investigator appointed in 1924 by the Sands Committee of 
the Association to work under the direction of Mr. W. J. Rees to 
carry out the research programme, it was his duty to develop, devise 
or use certain methods of attack. It became immediately evident 
that one of the greatest difficulties confronting any research worker 
on moulding sands was the defining of the desired degree of accuracy 
of methods and results. The variable nature of moulding 
sands, particularly under practical conditions, intensified the width 
between what might be termed the “ academically possible” and 
the “ industrially valuable.” 

When Professor P. G. H. Boswell, F.R.S., put forward elutria- 
tion as the method suitable for the mechanical analysis of moulding 
sands and it was adopted by the British Cast Iron Research Associa- 
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tion in preference to sieving and other means as the standard method 
for foundries, it was generally condemned as too academic and 
accurate for industrial research work. Therefore it was pleasing 
to find that some of the papers presented did not consider the 
elutriation methods to be accurate enough at the present time. The 
methods and apparatus devised by Professor Boswell were deemed 
to be such as to give a reasonable degree of accuracy under normal 
research conditions in an industrial concern or university. The 
inaccuracies and limitations of the elutriation process had been well 
stated by Professor Boswell himself,} and it was part of the duty 
of the speaker while research assistant to the Professor during 1921- 
24 to consider means of improving it. As explained in the paper 
referred to, the difficulties were great. A naturally occurring 
sediment, such as a moulding sand, was a heterogeneous collection 
of materials, of different, and often unknown, composition, gravity 
and shapes, and was not an ideal medium to which to apply Stokes’ 
Law, which postulated perfect spheres of a pure material sinking 
in a liquid at a constant temperature. The difficulties were in- 
creased when an upward current of water was used, as in elutriation, 
when the laws of eddying and viscous resistance came into play. 
The actual velocities determined by elutriation and subsidence 
experiments for particles of a given size varied so much from those 
calculated from Stokes’ Law as to leave grave doubts as to the 
usefulness of the latter in the development of grading methods. 

A more accurate method for the determination of the mechanical 
analysis of materials, particularly of the finer particles, was in the 
use of the Sven Odén balance or one of its modifications. Although 
known to Professor Boswell and the speaker when the question of 
grading methods was discussed in 1924 in the British Cast Iron 
Research Committee it was not felt politic to ask for the hundreds 
of pounds to ensure the bridging of the gulf which existed between 
results which could be cheaply obtained and be “ industrially 
valuable ” and those which would be “ academically possible ” with 
the possession of the balance and its equipment. 

On reading the series of papers it would appear that at this time 
of great development of research on moulding sands a thorough 
sifting of the literature dealing with the subject should be under- 
taken and a compilation made of the concrete results of many 
years of research in all countries of the world. Such a compila- 
tion preceded the headway made in the United States. It was 

. felt that there was a danger of much duplication of effort unless 
a proper résumé of the bibliography of moulding sands was 
available. 

On p. 109 Professor Boswell was stated to have referred in his 
Memoir on British Resources of Refractory Sands, published in 1918, 

1 P. G. H. Boswell, ‘‘ The Separation of the Finer Constituents of Sedi- 


mentary Rocks,” Transactions of the Faraday Society, 1922-23, vol. 18, 
Part 1, pp. 34-41. 
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to R. H. Richards, C. E. Locke and J. L. Bray’s “ Text Book of 
Ore Dressing,’ published in New York in 1925. However far- 
seeing Professor Boswell might be he could hardly have prophesied 
the names of Richards’ collaborators, the date of publication and 
the page upon which Table 30 would be found ! 

With regard to the methods suggested by K. W. Slack and 
W. J. Rees (p. 114) to obtain quicker grading results than by elutria- 
tion alone on moulding materials, the following suggestions could 
be made as giving a complete result within a working day, particu- 
larly for relatively coarse matter, such as a steel foundry sand, 
“compo,” &c. Instead of one 10-g. sample of sand being put 
through each elutriator in turn, two 10-g. samples should be taken. 
One sample should be placed in the elutriator which removed the 
clay, and the other in that which normally removed only the fine 
silt. While the clay was being removed, it would generally be 
found possible to obtain percentage figures for clay plus fine silt, 
coarse silt, fine sand and the coarser grades. From the clay plus 
fine silt percentage subtraction of the clay percentage obtained 
separately would give the percentage of fine silt to within the 
accuracy of the sampling and the experimental error of the process. 
The suggested method could be modified according to the general 
grading characteristics of the material under examination, but 
obviously the fewer 10-g. samples taken the greater would be the 
accuracy obtained, and since the clay separation took longest it 
was not usually necessary to use more than two samples. 

The paper by R. J. Sarjant, M. Brown and W. H. Salmon on 
the effect of atmospheric moisture on the strength of dry-sand 
moulds was of great practical importance and incidentally con- 
firmed the results obtained by the speaker that the drying of natur- 
ally-bonded sands by artificial means before use in foundry facing 
mixtures was harmful to the bonding power of the bond as tending 
to destroy some of its “ nature,” probably owing to the destruction 
of organic colloidal matter. 

In the paper by K. W. Slack and W. J. Rees on the behaviour 
of synthetically-bonded moulding sands on repeated drying (p. 166), 
the reported results in some cases were such as to leave some question 
as to the validity of the conclusions drawn. 

In Table LX XIV. the figures were such as to suggest the reverse 
of the statement that “‘the drying temperatures used have not 
affected the bond strength in any way, as the final figures are almost 
identical to the first ones.” The experiments with bentonite 
should be carried out on a bigger scale, because of other factors 
that might be operating and have a bigger effect than the repeated 
dryings. The time of initial milling of 10 min. was not sufficient 
to develop the optimum bond with bentonite mixtures, especially 
with percentages above 3%, and it was possible that each extra 
5 min. after drying developed the bond and masked any ill-effects of 
drying. The fact that bentonite was often dried at a temperature 
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of 100° C. and upwards to facilitate grinding might cause its non- 
reaction to drying changes. 

The interesting data on old and possible new sources of steel 
foundry sands were very valuable, and it was to be hoped that the 
work of the Sub-Committee would render the country completely 
self-supporting in regard to first-class material. The use of the 
name Erith for a steel moulding sand was misleading in that Erith 
sand was known the world over for a fine-grained sand suitable 
for iron or non-ferrous castings. 

In conclusion the speaker paid tribute to the great amount of 
work carried out by the Sub-Committee, to the character of the 
papers and to the broad basis of the research programme upon 
which they were to work. 


Mr. E. Wuarton (Chesterfield) said there would be general 
agreement that the Sub-Committee were to be congratulated on 
the report which had been presented. There had not been very 
much time available in which to digest the matter that it contained, 
but it was at once apparent that its main value lay in the practical 
application of the principles which were laid down in it. After all, 
when such great care was taken of the molten metal, it was obvious 
that the same care and thought should be given to the preparation 
of the mould. He spoke from the cast iron point of view, and he could 
testify from experience that both in mechanical methods of moulding 
and also in hand-moulding sand control was of the greatest value. 

There could be no doubt that the time had come when the 
methods of testing should be standardised. Those who were 
familiar with the elutriation and sieving methods of testing sands 
had realised that fully for some time. The position with regard 
to sieves was most unsatisfactory, and it might be useful as a word 
of warning to suggest that people should look at their sieves them- 
selves and test them. He had in the laboratory which he was 
privileged to control, a British Standard No. 5 sieve which was 25% 
outside the standard aperture whereas only 10% was allowed, and 
that came from a maker who was well known in the trade. 

He had been very interested in the bonding test which Mr. Rees 
had mentioned. It was interesting to know that, after all, the 
practical application of bonding was the best method of testing 
clays for foundry use. Again, the sintering tests to which Dr. 
Sarjant had referred were of the greatest value, and explained some 
matters which had long required explanation. Members would 
await with the greatest interest the findings of the joint committee, 
not only because it was a joint committee of the major associations 
concerned in Britain, but because it was composed of men who 
were in touch with practical work in the foundry. 


Mr. F. N. Luoyp (Wednesbury) remarked that as a member of 
the Sub-Committee there were one or two points which had arisen 
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in the discussion on which he would like to touch. It had been 
said that there were three matters which were important in con- 
nection with sand—the refractoriness, the sintering point and the 
texture of the sand. Many of the troubles of steel founders in the 
poor stripping of castings were caused by what he would term the 
penetration of the steel, which he thought was due to capillary 
action, into the mould itself. In regard to that aspect of the 
matter, the founder had to make a compromise between permeability 
which he must have, particularly in green-sand moulds, and a fine 
texture of the sand to prevent penetration. He wished to touch 
on that point, because it was one which was not referred to at any 
length in the report, and, as a member of the Sub-Committee, he 
thought it was something with which they should deal in the 
future. The compromises which could be made were dependent on 
the raw materials available. 

Another point which occurred to him arose out of what Dr. Skerl 
had said about studying the bibliography on the subject of sand. 
There was the question of whether a more complete survey should 
be made of the work which had been done already. He thought 
Mr. Rees would be able to say that all the previous literature had 
been very thoroughly studied, and that the Sub-Committee had 
continually been supplied by the Institute with extracts from and 
translations of foreign papers on the subject, but in addition to 
that he thought that the problem of the British steel founder was 
different in a way from the problem of any American or Continental 
founder; his raw materials were different, and he had to find what 
was the best that he could do with them from the point of view 
both of economy and of quality. The British steel founder had to 
work to a standard of quality, moreover, which was at least as high 
as that required in any other country in the world and higher than 
that in a good many, and in that respect he had a difficult problem 
to face and had to go into the matter very thoroughly. Whilst the 
Sub-Committee studied the work which had been done elsewhere, 
their problem was in some respects exclusively their own, and they 
must tackle the matter to some extent de novo and find out facts 
for themselves based upon their own investigations. 


Section IV. 


Dr. C. H. Descou, F.R.S. (Vice-President, Teddington, Middle- 
sex), said the paper which Mr. Hall had presented constituted a 
very useful contribution to the study of the properties of steel 
castings. In the present and in his previous paper Mr. Hall had 
been careful to state that the factors which determined the strength 
of a casting during cooling were complex, and that it was not possible 
by a simple test to determine them all, but he had used most 
ingenious methods to determine some of them. He was particularly 
struck by the last method which Mr. Hall had used, the casting of 
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bars having restraint at the ends and with an enlarged bulb as a 
means of determining the liability to tearing where there was some 
constraint owing to the form of the casting or to the method of 
moulding. 

There was little on which to comment on the tests described, 
and the results must be accepted as representing good and careful 
work. In the discussion on the previous occasion, however, the 
question had been raised as to the effect of carbon on the liability 
to fracture of the castings during cooling, and it was pointed out 
that whilst an increase in the carbon in the earlier tests seemed to 
show worse results, yet in practice it was found that 0-25-0-35% 
carbon castings were less liable to tear than those containing 0-2%. 
That did not seem to have been tested in the last series of experi- 
ments. ‘The last bars were all of similar composition, all with over 
0:39% ofcarbon. It would be interesting to see a similar series made, 
keeping the manganese fairly constant over a range of carbon. 

The question had also been raised on the last occasion of the 
possible effect of oxides. The tearing tests were made with steel 
made in a side-blown converter, which would therefore presumably 
have a fairly high proportion of inclusions, and one would expect 
that the nature of the inclusions present would have some effect 
on the tearing property. It would be interesting to see an examination 
of the specimens used from the point of view of inclusions. The 
effect would become important, of course, only in the case of the 
rather highly oxidised steels. 

It was a little surprising to find that sulphur and phosphorus 
seemed to be practically equivalent in their effects, although, of 
course, the condition of the two elements was entirely different. 
One would expect sulphur to exert a considerably greater effect. 

He felt that the experimental methods which had been devised 
by Mr. Hall would prove of great value in the further study of steel 
castings. 


Mr. L. E. Benson (Manchester) said that the results of Mr. Hall’s 
work were of very great importance both to manufacturers of steel 
castings and to users. Personally, he could speak as a user, and it 
had fallen to his lot to examine critically a large number of steel 
castings for important work, mainly in the construction of steam 
turbines and electrical equipment. He did not want to criticise 
Mr. Hall’s work at all, and he did not think that that was possible ; 
Mr. Hall had displayed great ingenuity in attacking a difficult 
problem. He would like, however, to make two suggestions in case 
they were of assistance to Mr, Hall in the further work which should 
be done and which no doubt Mr. Hall would do. 

One limitation of the method which Mr. Hall used to determine 
the “‘ crackability ” of steel was the resistance which the sand of 
the mould offered to the contraction of the steel. Mr. Hall had 
found the importance of this in the work already carried out, and 
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had discovered, for instance, that it made a difference whether the 
mould was parted transversely or longitudinally with regard to the 
test bars, and whether the steel cracked or not depended upon 
the resistance which the sand provided between the end faces of the 
test-piece. He (Mr. Benson) thought it would be possible, with a 
little further ingenuity, so to arrange the mould that, whereas the 
test-piece was cast in sand, the sand itself offered comparatively 
little resistance to contraction, the main resistance being offered 
by some system of springs or struts which would allow normal 
contraction but would offer a controlled and known resistance, 
which could be adjusted to represent the resistance offered by actual 
sand moulds under practical foundry conditions. If something of 
that sort were not done it would be very difficult to compare one set 
of experiments with another, and he imagined from practical ex- 
perience that the results might sometimes be found to depend upon 
critical variations in one or other of the factors which affected sand 
strength. 

Another variable which he felt might creep in was the soundness 
of the test-piece itself, and he would like to ask Mr. Hall whether 
the bulb of the test-piece in the contraction experiment showed 
any unsoundness, as it might well do. He would also ask whether 
it was possible to tell from examination if the fractures in the bulb 
extended from the shrinkage cavity in the middle. In a number 
of castings that he had seen, where contraction cracks had occurred, 
although the cracks were discovered on the outside of the casting 
there was no doubt that they started at the inside where there were 
shrinkage defects. Whilst it might be supposed that in a plastic 
material like hot steel stress-concentration effects would not usually 
occur at changes in section, he had no doubt that such cracks could 
occur. Proof that this did happen was that contraction cracks of 
the type indicated could be prevented by arranging for more 
adequate “feeding.” He (Mr. Benson) thought that it might be 
useful to take note of the soundness of the bars used in further 
experiments and to bear in mind the possibility of differences in 
test bars (as regarded unsoundness) affecting the incidence, extent 
or character of contraction cracks. Mr. Benson added that he 
thought it might be possible, for example, for bars containing 
shrinkage defects at the axis to contain internal contraction cracks 
not apparent on the outside, and also for apparently anomalous 
behaviour in regard to cracking to be explained by differences in 
the internal unsoundness of the test bars. 


Section III. 


Mr. W. B. Satuirr (London) thought that Mr. Alexander’s 
paper showed that the addition of copper or copper plus chromium 
constituted an effective and, incidentally, cheap method of improving 
the mechanical properties of cast steel, but personally he felt some- 
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what doubtful whether temper-hardening was really the most 
practical means of effecting this improvement. Temper-hardening 
was an interesting phenomenon, but appeared to have certain dis- 
advantages of a practical nature. In the first place, there was the 
danger of embrittlement, and although Mr. Alexander had shown 
that by careful selection of the reheating temperature this could 
largely be avoided, the danger still existed. 

In the second place, the temper-hardening process was a function 
of both temperature and time, and both those factors must be 
fairly accurately controlled. He wondered whether such control was 
really practicable in the majority of foundries or even possible with 
many castings. Admittedly a number of foundries were successfully 
using this process, but he wondered whether with castings in which 
there was a wide variation in sectional thickness there was not 
some danger of light sections tending to soften before precipitation 
had even got under way in the centre of heavy sections. 

He thought that a safer and much easier way to use copper in 
steel castings was to raise the copper content to between 14 and 
2%, and to rely on a straightforward normalising or quenching- 
and-tempering treatment. By this means it was possible to obtain 
tensile properties at least as good as, if not better than, those of 
the temper-hardened 1% copper steels without the risk of em- 
brittlement. For example, a normalised cast steel containing about 
0-3% of carbon and 13% of copper had a tensile strength of 50 
tons per sq. in., which was considerably higher than any figure 
obtained with the temper-hardened 1% copper steels tested. 

Another advantage of a higher copper content was that in heavy 
castings with a copper content of 1-14% it was quite possible to 
obtain marked temper-hardening after simple air-cooling; for 
example, if the cooling time from 900° C. to normal temperature 
approached four hours, precipitation would occur, resulting in a 
jump in tensile strength and possible embrittlement. With higher 
copper contents, however, this did not occur. 

There were one or two small points arising out of the paper 
which he would like to mention. At the bottom of p. 68 the steels 
were arranged in order of their response to temper-hardening, and 
it was noticeable that elements which tended to raise the Ar, point 
increased the effect of temper-hardening, and vice versa. The re- 
sponse of a steel to temper-hardening would depend on the copper 
content of the ferrite when the eutectoid change occurred, and a 
possible explanation of this varying response to precipitation- 
hardening might lie in the fact that, owing to the decrease in the solu- 
bility of copper with temperature, the copper content of the ferrite 
tended to be less as the Ar, point was lowered. That silicon, which 
of course raised the Ar, point, also increased the response to temper- 
hardening would seem to confirm that view, and it would be 
interesting to round off the work described by experiments on 
steel containing about 1% of silicon. 
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A point of interest in Table XXVIII. was the marked improve- 
ment in the properties of the chromium steel resulting from copper 
additions in the annealed and normalised conditions. On comparing 
steels OVA and OVQ it was found that the copper addition had 
improved the tensile strength and yield ratio and also the ductility 
and impact values very considerably. In this respect the effect of 
the 1% copper addition had been very similar to that of the 15% 
nickel addition made in steel OZZ. 


Section II. 


Mr. C. H. Karn (Braintree, Essex) said that on p. 43 of the Report, 
Mr. Walker stated that further tests on the Ruff fluidity test were 
being carried out, and he had with him a summary of some further 
work done in one of the foundries referred to by Mr. Walker in his 
Section of the Report. 

The temperature readings had been taken as closely as possible 
under the conditions recommended by Dr. Hatfield in Appendix IT. 
of the Second Report of the Steel Castings Research Committee, 
published in 1936.1 The same operator working under as nearly 
as possible identical conditions had taken all the readings. 

Table A was a summary of eighteen heats, and Table B indicated 
the lengths of run obtained at various temperatures. 


TaBLE A.—Ruff Test Data. 
































a Pouring Temperature. ° 0. Fonath of 
ate. No. > o “ ey 
1988, in wang nl 0.0. %- ~— Rod. 
From Furnace.| From Ladle. 
19/9 2 0-20 1609 1577 13 
20/9 2 0-23 1577 1555 9 
21/9 2 0-23 1620 1587 15 
3 0-15 1620 1587 15} 
22/9 2 0-17 1609 1577 16 
3 0-15 1620 1587 174 
29/9 2 0-19 1620 1587 13 
30/9 2 0-19 1620 1587 14 
3 0-21 1641 1609 15} 
3/10 2 0-26 1641 1609 16 
3 0-19 1609 1577 144 
4/10 3 0-21 1598 1566 134 
5/10 l 0-23 1609 1577 144 
6/10 3 0-19 1587 1555 134 
10/10 2 0-15 1598 1566 15 
11/10 2 0-22 1609 1577 15 
3 0-17 1598 1566 134 
13/10 2 | 0-24 1587 1555 13 | 








1 Iron and Steel Institute, 1936, Special Report No. 15, p. 115. 
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TasLE B.—Ruff Test. Lengths of Run obtained at 
Various Temperatures. 






































Temperature from 
furnace. °C. . 1577 | 1587 1598 1609 1620 1641 
Temperature from 
ladle. °C. . 1555 | 1555 1566 1577 1587 1609 
Lengths of ‘‘ Ruff” 9 134 134 13 15} 15} 
rod. In. 13 15 16 15 16 
134 143 174 
144] 13 
15 14 
Average. In. 9 13 14 14-6 14-95 15-625 
No. of moulds , 6 ie i 60 
Loss of heat at first 
pouring. °C. .| —22 | —32 | —32 | —32 | —33 —32 





These results seemed to indicate that the Ruff test was more 
sensitive in the lower temperature ranges. 
Table C showed the increase of length of rod obtained with 


increasing temperature. 


TaBLE C.—Ruff Test. Increased Test Length 
due to Rising Temperature. 





Increase. In. | 
cones 

4 | 

] 

0°35 

0-67 | 


aon lira, | Ohange of Length of Rod. In. 








From 1577 to 1587 | From 9 to 13 
| »» 1587 ,, 1598 » we », 14 

55 SRB, 1620.4 >» 146 ,, 14°95 
1620 ,, 1641 | » 14:95 ,, 15-62 


sei - 
| 
re. | : 





The temperature increase from 1577° to 1587° C. increased the 
length of rod from 9 in. to 13 in., and from 1587° to 1598° C. from 
13 in. to 14 in., whereas a temperature increase from 1609° to 1620° C. 
increased the length of rod by only 0-35 in., and an increase from 
1620° to 1641° C. lengthened the rod by only 0-67 in. 

As a result of collaboration between the foundry foreman and the 
furnacemen it had been decided in this foundry to recommend the 
following lengths of rod as a test of fluidity before tapping the 
furnace : 


Heavy Sections: 4-6 in. thick; poured direct from ladle, 7-10 in. 
Medium Sections: 4-2 ,, ‘ " 55 sp  LORRE 
Light Sections : 4-1} ,, or =e fe »» 123-15,, 
Light Sections : Poured from hand ladles . : . Over 14 in. 


In addition to the tapping temperature, a record was also kept 
of the temperature of pouring of the first few moulds. It was found 
that the loss of temperature was very constant, being approximately 
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30-35° C. This seemed to suggest that the increased sluggishness 
or loss of life of certain carbon steels was chiefly a question of 
temperature and the time in the ladle. The time in the ladle was 
naturally related to the number of moulds cast from a given heat. 

In this connection a number of temperature observations had 
been made on converter and electric steels. These tests were made 
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before the mechanism of the Ruff test was perfected, and no lengths 
of run were available at the moment. It was proposed to carry out 
further tests incorporating the Ruff method. 

The results so far obtained showed that converter steel in this 
particular foundry was consistently hotter than the electric steel 
by about 20-30° C. Readings taken during casting showed that 
the rate of loss of temperature of converter steel was the same as 
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for electric steel, which appeared to disprove the suggestion that 
converter steel owed its suggested better life or fluidity to exothermic 
reactions proceeding in the metal which maintained the temperature. 

When the results were plotted in a series of curves, Fig. A, it 
was found that 87% of the curves were parallel. The difference in 
the rate of loss of heat of the remaining 10 to 13% might very prob- 
ably be due to differences in the temperature of the ladles into which 
the steel was poured. 

To make the investigation perfectly accurate, it would be neces- 
sary to record also the temperature and physical details of the 
ladles employed, but it was considered that the evidence indicated 
very strongly that the temperature was the all-important factor in 
obtaining fluid steels. 


Dr. C. H. Desou, F.R.S. (Vice-President, Teddington, Middle- 
sex), raised the question of the use of the term “ fluidity,” which 
he said had already been discussed before the Institute of British 
Foundrymen. He had always objected strongly to the use of the 
term in the present connection, because fluidity had a definite 
physical meaning, the reciprocal of the viscosity, a definite physical 
constant. Whatever was measured by the length of the bars in 
the Ruff test it was not the fluidity; it was a combination of a 
number of different factors, of which fluidity was only one. He 
had suggested in a paper before the Institute of British Foundrymen 
that the term “ flowing power ’”’ might be used, as it did not beg 
any question and was non-committal. It was a little confusing 
when one was accustomed to physical papers dealing with the 
fluidity of slags and the fluidity of molten metals, where what 
was measured was the reciprocal of the viscosity and not the power 
of filling a mould of a certain length. 





CORRESPONDENCE. 


Dr.-Ing. Wotrram Rurr (Henriettenhiitte, Bezirk Liegnitz, 
Germany), referring to Section II., Part B, wrote that now that 
the investigation of the new proposed fluidity test had given such 
satisfactory results, it was reasonable that there should be a growing 
need and effort to standardise it, and further data to show what was 
the best shape for the standard fluidity test mould were very 
welcome. This appeared to him to be mainly important in regard 
to the connecting part F in Fig. 31 on p. 39 of the Report, for which, . 
according to Figs. 32 and 33 (pp. 40, 46), larger dimensions had been 
selected than those originally chosen. In order to avoid too much 
turbulence of the liquid metal in this connecting part and too great 
a reduction of the velocity there, this part should be as small as 
possible. For that reason, he (the writer) had first made the part 
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with a side length of 18 mm., and the smallest diameter of the 
pouring gate was only 15 mm. Moreover, the question arose 
whether it was not better to use a rounded horn gate behind the 
pouring funnel rather than the rectangular passage; unfortunately 
he had not had the time to investigate this matter. 

Another question that required to be cleared up was the 
divergence in the height and the compositions corresponding to 
the peaks in the fluidity-composition curves for specified degrees 
of superheat above the liquidus temperature (see Fig. 40, p. 53). 
It might be that the divergence in the height was the result of 
superimposing the curves on the basis of the lengths of the spirals 
and rods and that better agreement would have been obtained on 
the basis of the volume of metal. The divergences in the 
compositions corresponding to the peaks in the fluidity curves might 
perhaps be due to different degrees of supercooling of the melts; 
this could be proved by taking standard cooling curves 
simultaneously with the fluidity curves, in the way that he had 
already proposed as a shop test in his memoir.1_ These standardised 
simple cooling curves were very useful for determining the 
characteristics of new alloys that were to be introduced into the 
foundry. 

Dr.-Ing. Ruff desired not to let this opportunity pass without 
expressing his most cordial thanks to all those who had assisted 
in advancing, promoting and investigating these matters. He 
hoped that they would be able to use the method to study the 
further theoretical aspects of the problem, much of which had been 
barely touched on and had not yet been solved. 





COMMITTEE’S REPLY. 


The ComMITTEE desired to express their thanks for the interest 
shown, and, having regard to the limited time available, the very 
satisfactory discussion which followed the presentation of their 
Report. 

They wished to remind Dr. Desch, who criticised the use of the 
term “ fluidity,” that on p. 26 of their Second Report they had 
specifically defined what was implied by this term, viz. : 


By “ fluidity ” is meant the property of flowing freely and 
hence the ability of the molten metal to fill a mould. It is a 
property sometimes referred to as “ castability,’’ but perhaps 
more accurately described as “ flowability.” It has a wider 
significance than viscosity, with which it must not be identified ; 
at the same time it is to be regarded definitely as a property 
of the metal, its composition and temperature. 


1 Iron and Steel Institute, Carnegie Scholarship Memoirs, 1936, vol. 25, p. 33. 
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They did not think any confusion was likely to arise in the use of 
the word “ fluidity” so defined. Accordingly the introduction 
of a new term to describe the same property seemed unnecessary 
until knowledge of the subject had increased beyond the present 
position. 

The Committee wished to thank Mr. Kain for submitting the 
further useful data on the Ruff test. 

Mr. Kain drew attention to the fact that in his results the Ruff 
test was less sensitive at higher temperatures. This pointed to 
the operation of some undetermined factor, since the observations 
were at variance with the results shown in the work of Sarjant and 
Middleham. This factor might possibly be associated with a 
change of emissivity of the steel at the higher temperatures, since 
in the case cited by Mr. Kain an optical method of determining the 
temperature was used. Mr. Kain’s remarks relating to the rate 
of loss of temperature in the ladle being the same with converter 
steel as with electric steel agreed with the experience of other 
members of the Committee. 

The remarks submitted by Dr.-Ing. Wolfram Ruff would un- 
doubtedly be read with interest, and the suggestions that he made 
would be borne in mind in any possible further studies of the subject 
in question. 

Section V. 


Mr. W. J. Rees, replying for the Moulding Materials Sub- 
Committee, thanked the contributors to the discussion for their 
complimentary references to the report. The Sub-Committee 
realised the importance of the investigations on which they were 
engaged, and the appreciation which members of the industry had 
shown in the investigations detailed in the report was of value in 
indicating the need for these and other cognate investigations. 
They particularly desired to emphasise the point made by Mr. 
Lloyd, namely, that the problems were essentially their own 
problems, and, though a great deal of work had been done before, 
much of it was not applicable to the particular raw materials which 
they had to use to the best advantage. In this connection, Mr. 
Pearce had been good enough to supplement his contribution to 
the discussion in a letter to the Sub-Committee in which he ex- 
pressed the willingness of the British Cast Iron Research Associa- 
tion to place at their disposal all the information on moulding 
sands, both published and unpublished, which had resulted from 
the investigations made under the direction of the B.C.I.R.A. The 
Sub-Committee were very appreciative of the great value of this 
co-operation. 

Mr. Parkes was thinking on much the same lines as the members 
of the Sub-Committee with regard to refractoriness, sintering and 
“burning on.” It was clear from the investigations so far made 
that there was not a perfectly straight-line connection between the 
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actual refractoriness of a moulding material and the extent to which 
it would burn on to a casting. There was a possible connection 
here with the point made by Mr. Lloyd that it was desirable to 
consider the effects due to capillary penetration of the metal into 
the mould, and it was intended to make investigations bearing on 
this aspect of the problem of the adhesion of the moulding material 
to the casting. The Sub-Committee did not regard the investigation 
of sintering as by any means complete; they thought they were 
beginning to understand some of its fundamentals, but further 
experimental investigations, both in the laboratory and in the 
foundry, were necessary before any really definite conclusions could 
be drawn. 

The point referred to by Mr. Parkes as to the effect of silt on 
permeability was an interesting and important one. It was clear 
from the investigations made that it was necessary to qualify the 
idea that the addition of silt to sand would necessarily reduce its 
permeability. The emphasis which Mr. Parkes placed on the 
importance of mechanical sieving was of particular interest to the 
Sub-Committee, as they were quite clear that it was desirable to 
continue the studies of mechanical sieving with a view to specifying 
the correct features of a machine for general use. 

Dr. Skerl referred quite properly to the desirability of coming 
to some conclusion as to the degree of accuracy which should be 
expected, or desired, in the results of the various tests on moulding 
materials. It was quite clear that it was not possible in foundry 
control tests to obtain the degree of accuracy which was expected 
and obtained in laboratory research; some compromise must 
always be found, because it was not possible to give such time to 
the foundry control tests as was necessary for the more rigorous 
laboratory and research tests. In parts of the report indications 
were given of tests which, when made under reasonably uniform 
conditions, were sufficiently accurate for foundry control use. 
Dr. Skerl’s criticism of the methods used and the results obtained 
in the investigation of the effect of repeated drying on the strength 
which might be obtained with bentonite-bonded sands appeared 
to be based on some misunderstanding or misreading of the report, 
as the results obtained showed clearly that mere drying at tem- 
peratures up to 250° C. did not materially affect the bond strength 
of synthetic sands bonded with bentonite alone. It appeared to 
be unlikely that experiments on a larger scale would give a different 
result, provided that the effect of drying alone was investigated, 
but if other factors, such as dehydration of some of the bond in 
contact with hot metal in casting, become operative then some 
deterioration in bond strength was to be expected and had been 
shown to occur. The milling times used in the investigation were 
adopted after trying both longer and shorter periods, and they 
were kept constant throughout the tests so that the results would 
be definitely comparable. 
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Dr. Skerl drew attention to a presumed reference by Professor 
Boswell in 1918 to a book which was not published until 1925. 
The actual reference given by Boswell on p. 20 of his ‘‘ Memoir ” 
was “ Richards, ‘Text Book of Ore Dressing,’ New York, 1909, 
p. 264.” The edition quoted was out of print, and the reference 
given in the footnote on p. 109 of the Report was to the later edition, 
which could still be obtained. The information referred to by 
Boswell was the same in both editions. 

The consensus of opinion in the discussion with regard to the 
need for the standardisation of test methods supported the Sub- 
Committee’s conclusions which had led to the formation of the joint 
committee to consider this matter in detail. 

Mr. Lloyd pointed out that during their investigations the 
Sub-Committee had made a thorough survey of the published work 
on the testing and use of moulding materials, and to the great 
assistance that they had received from the Institute through the 
provision of bibliographies and extracts from and translations of 
foreign papers on the subject. The Sub-Committee were especially 
indebted to Mr. T. R. Walker for providing them with bibliographies 
dealing with special aspects of their work. 

The programme of investigation given on p. 87 of the Report 
was a comprehensive one, but the Sub-Committee would welcome 
suggestions from members of the Institute as to other desirable 
lines of investigation which were not included in it. 


Section IV. 


Mr. Hatt replied that since the previous Report the experimental 
facilities available had been largely absorbed in the development 
of the test for susceptibility to contraction faults, and in consequence 
very few tensile tests had been carried out. He appreciated very 
much the interest which Dr. Desch had taken in the work and wished 
to explain that in the investigations proposed on the previous 
occasion, which had not yet been undertaken, the susceptibility 
test would be particularly valuable. These investigations concerned 
the relation between tensile properties and the tendency to tear 
in steels containing from 0-2% to 0-35% of carbon and in oxidised 
steels containing inclusions, and they had been deferred until the 
susceptibility test became available. 

It was recognised that inclusions might have an important 
influence on the development of cracks, and it would perhaps be 
useful to state that castings of a miscellaneous character, exhibiting 
no tendency to develop tears, were made from the converter steels 
used in the present tests. There was reason therefore to suppose 
that the test would be capable of discrimination between different 
degrees of susceptibility, although the tests had been confined to 
one type of steel. 

It was suggested that further investigation of the comparative 
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effects of sulphur and phosphorus covering a wider range of com- 
positions might show divergent properties; unfortunately no test 
was yet available to indicate whether the weakening effect of increas- 
ing the sulphur to 0-14% would be produced in the same degree 
by a similar increase of phosphorus. 

He thanked Mr. Benson for the suggestions that he had made 
and took particular note of that which proposed the use of springs 
to resist the contraction of the bars with the object of obtaining 
greater consistency of result. A method of this nature had been 
used by Briggs and Gezelius+ for controlling and measuring the 
contraction of cast-steel bars, but in these experiments the bars 
were not designed to fail by fracture. Very small contractions 
were involved at the moment of fracture, and, as the sand in contact 
with the steel was changing rapidly in temperature and physical 
condition, it seemed improbable that the resistance of sand to 
compression during the crucial period immediately after solidifica- 
tion of the casting could be closely simulated by spring resistance. 
Although some of the character of a practical foundry test would 
be lost, recourse to such a method for purposes of standardisation 
might be necessary in circumstances where the sand strength 
could not be kept reasonably uniform. 

Some degree of unsoundness due to liquid contraction of the 
test-pieces was considered inevitable, as it could not be eliminated 
by feeding or chilling without destroying other essential features 
of the test-piece. Although shrinkage cracks and cavities were 
often associated, it was not necessary to suppose that cracks were 
initiated by the cavities; the formation of a contraction cavity 
generally implied that the temperature and stress conditions in 
that region were favourable also for the production of cracks. 
External cracks in test-pieces with large bulbs had been found, 
after sectioning, to be quite independent of the internal cavities, 
but with the smaller bulbs finally adopted most of the bars which 
failed separated completely, and the cavity, if present, appeared 
at the centre of the fractured surface. 

The size of cavity in the test bars probably increased with the 
temperature of pouring and with the size of the bulb. It was 
found unnecessary to make the bulb greater than twice the diameter 
of the bar, and in such test-pieces cavities up to 0-13 of the bulb 
diameter were sometimes observed. In the smaller bars which failed 
no cavities were visible at the fractured surfaces, but it was probable 
that some porosity existed near the axis of the bar, and in the 
application of the test it would be important to ascertain the internal 
condition of the test-pieces before attaching full significance to the 


result. 
1 Briggs and Gezelius, ‘The Free and Hindered Contraction of Cast 


Carbon Steel,” Transactions of the American Foundrymen’s Association, 1934, 
vol. 42, p. 449. 
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Section III. 


Mr, ALEXANDER replied to Mr. Sallitt that the increased strength 
obtained by increasing the copper to 2% and normalising was also 
accompanied by a lowering of the ductility, and it seemed doubtful 
whether the improvement in properties was such as to warrant 
the increased addition of copper. If quenching and tempering 
were to be used as an alternative to temper-hardening the necessity 
for increasing the copper content was even less apparent, as very 
similar properties could be obtained by the quenching and temper- 
ing of a 1% copper steel. 

The composition of the steel and the heat treatment employed 
would depend largely on the design of the casting. If the casting 
were of simple form, a high copper content could be used and the 
mechanical properties developed by quenching and tempering. 
In castings of intricate design, however, there was always a danger 
of cracking during the quenching operation, and in such castings 
it would be best to develop the mechanical properties by a temper- 
hardening treatment. 

The danger of low impact resistance could be avoided by temper- 
ing at temperatures higher than that required to give maximum 
hardness. Since the rate of fall of hardness was relatively slow 
at such temperatures, the danger of hardness variations due to 
differences in cross-section was much less than it would be if the 
treatment were designed to give the greatest possible hardness. 

Mr. Alexander agreed that the response totemper-hardening would 
probably depend upon the temperature at which the ferrite separated. 
However, a complication arose from the possibility of additional 
elements influencing directly the solubility of copper in iron. This 
was a point which appeared to require further investigation. 


Section II. 


Mr. WALKER, replying to Dr. Desch’s remarks, said that he 
personally had criticised the use of the term “ fluidity” in this 
connection at the discussion of the Second Report of the Com- 
mittee two years before. Other terms were suggested by different 
speakers, such as “running life,” “running quality” and 
* fluency,”’ but the Committee as a whole had decided to use the 
term fluidity, and on p. 26 of the Second Report there was given 
a definition of the meaning attached by the Committee to the term 
in the following words: ‘ By ‘ fluidity’ is meant the property of 
flowing freely and hence the ability of the molten metal to fill a 
mould.” This was clearly not the same thing as the reciprocal 
of viscosity. He was afraid they would have to leave it at that. 

He ‘had been very interested to hear Mr. Kain’s account of 
further determinations of fluidity by the Ruff method. The fact 
that it had been found possible to give minimum lengths of Ruff 
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rods when steel was intended for particular purposes was a tribute 
to the practical value of the test. It would in all probability be 
found, however, that the standard lengths quoted by Mr. Kain 
would apply only to that particular foundry. In another foundry 
it would be necessary to carry out experiments to establish a set 
of intended standards in that foundry also. For example, in the 
foundry with which he (Mr. Walker) was connected, Mr. Kain’s 
figures would be too low. This did not in any case detract greatly 
from the value of the test, which was, in his view, a comparative 
practical test. 

If two or three rods were run from the same furnace charge in 
rapid succession, very good agreement was usually found in the 
results. But if one had two casts which behaved in the same way 
in the same foundry when casting the same types of casting, it did 
not follow that both casts would give the same length of Ruff rod. 
The Ruff test appeared to be less sensitive than the spiral, as a test 
of fluidity, but it was proving very useful in the foundry. 

In reply to Dr. Ruff’s contribution, Mr. Walker wrote that he 
fully agreed with Dr. Ruff’s suggestion that it was now necessary 
to find by experiment the best dimensions for the test-piece, and 
subsequently to standardise those dimensions. Actually, in all 
the experiments carried out in different foundries in Britain, the 
dimensions of the rod and pouring basin had been kept constant. 
It was felt from the beginning that this step was necessary, in order 
to establish at the outset the practical value of the test in various 
foundries. The fact that the dimensions of the test mould were 
not exactly the same as those used by Dr. Ruff was partly due to 
the necessity for adopting English dimensions instead of metric. 
He noted that Dr. Ruff considered that the connecting part F 
should be as small as possible. Unfortunately there were no dimen- 
sions given in Fig. 11 of Doctor Ruff’s memoir ! for the bottom of 
the pouring funnel e and the connecting piece f, and he (Mr. Walker) 
accepted responsibility for those actually used in the English tests. 
As he was interested in the test chiefly on account of its practical 
value in the foundry, he had always had in mind the desirability 
of using dimensions and shapes which facilitated the quick and easy 
preparation of the test moulds at a low cost. 

It was possible that, as Dr. Ruff suggested, it would be preferable, 
from a theoretical point of view, to use a rounded horn gate in 
preference to a rectangular connection between the funnel and rod, 
but this and other points in the design could be investigated more 
satisfactorily in the laboratory than on the furnace stage or on the 
foundry floor. Whatever the results of such investigations might 
be, it was important, when the final design was being standardised, 
that the test mould should be capable of easy, quick and cheap 
manufacture in the foundry. 

1 Iron and Steel Institute, Carnegie Scholarship Memoirs, 1936, vol. 25, 
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Erratum. 
SYMPOSIUM ON STEELMAKING. 


(Iron and Steel Institute, 1938, Special Report No. 22.) 


DISCUSSION ON METALLURGY AND PHYSICAL 
CHEMISTRY OF STEELMAKING. 


It is regretted that an error has been found in the printed record 
of the contribution by Mr. G. PHraagmén (Stockholm, Sweden) 
to the discussion on this subject. The sentences in lines 1-7 of 
p- 508 should read as follows : 


Dr. McCance used the word “activity”? for a quantity 
which was usually called the “ activity coefficient.” 1 G. N. 
Lewis had introduced the activity as a quantity which should 
replace the concentration in the equilibrium equation for a 
non-ideal solution. The activity was proportional to an 
idealised vapour pressure and the coefficient of proportionality 
was determined by Lewis so that the activities in an infinitely 
dilute solution should be equal to the concentrations. 


1 The text of the paper as now printed in the Steelmaking Symposium 
volume has been corrected. 
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VicTtoR CHRISTIAN WILLIAM CAVENDISH, K.G., G.C.V.O., 
G.C.M.G., NintH DUKE oF DEVONSHIRE, died at his home, Chats- 
worth House, Derbyshire, on May 6, 1938, in his seventieth year. 
With his death not only the nation but the British Empire loses 
one of its most distinguished public servants, who leaves behind him 
a record of devoted and unbroken service to the State. He was 
educated first at the Rev. A. H. Morton’s private school at Farn- 
borough, and went from there to Eton in 1882. It was natural 
that he should go to Cambridge, the University of which his uncle 
and grandfather were Chancellors. He matriculated at Trinity 
College in 1885, and took his degree in due course. In order to 
acquire business and legal experience which would equip him for a 
political career and enable him to control the great inheritance to 
which he would one day succeed, he entered the office of a firm 
of City accountants, and then went on to read law in the chambers 
of Judge Lusk-Wilson. On the death of his father in 1891, Mr. 
Victor Cavendish, as he then was, became Member of Parliament 
for West Derbyshire. When he entered the House he was the 
youngest member, being only 23. He retained this seat until he 
became Duke of Devonshire. In the following year he married 
Lady Evelyn Fitzmaurice, elder daughter of the fifth Lord Lans- 
downe. They lived chiefly at Holker Hall, Lancashire. He had 
acquired a sound working knowledge of the iron and steel trade, 
so that he was a valuable member of the boards of the Barrow 
Hematite Steel Company, the Furness Railway and other concerns 
in Lancashire. 

Although not a brilliant speaker, the House of Commons liked 
him and respected him, and watched his official progress with good 
will. He did not obtain office until 1900, when he was made 
Treasurer of the Household in Lord Salisbury’s last Government. 
In 1903 Mr. Cavendish became Financial Secretary to the Treasury, 
where his ability, good sense and helpfulness were of real assistance 
to the Government. 

On succeeding his uncle in 1908, he came into vast estates; 
he took the greatest pride in Chatsworth and was careful to arrange 
that the public should have access to the house and grounds. On 
more than one occasion the Duke and Duchess afforded hospitality 
to King George V. and Queen Mary, both at Chatsworth and at 
Bolton Abbey. 

Shortly after succeeding to the dukedom he became Chancellor 
of Leeds University, but it was not until after the war had begun 
that the Duke received an appointment for which he was eminently 
suited. This was the Governor-Generalship of Canada, which was 
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conferred upon him in June, 1916, an office which he held until 
1921. During those years he toured the Dominion from east to 
west, and the many manifestations of respect and regard which he 
received on leaving showed that he had nobly carried out the duties 
of his high office during those difficult years. On his return home 
he still maintained his interests in Canadian and Imperial affairs. 
In the following year he was offered, but declined, the Secretaryship 
of State for India. On Mr. Bonar Law’s Government being formed, 
however, he accepted office as Colonial Secretary. While holding 
this office he was intimately connected with the preparations for 
the Wembley Exhibition. It was characteristic of him that, almost 
without the knowledge of the public at the time, he was one of the 
principal financial guarantors of this exhibition’s success. 

Apart from his public life, the Duke’s interests were both agri- 
cultural and industrial, for he owned extensive mineral properties 
in Derbyshire. His grandfather, the seventh Duke, had been the 
first President of the Iron and Steel Institute in 1869, and the ninth 
Duke, who was elected a Member of the Institute in 1894, was, in 
turn, elected President in 1910, holding that office for two years. 
It was in his first year as President that the Institute held its 
Autumn Meeting at Buxton, and on that occasion he and the 
Duchess extended the delightful hospitality of Chatsworth House 
to all the Members who attended that Meeting. 


ALFRED Hutcuinson, M.A., B.Sc., died suddenly at his home 
at Blackheath, London, on August 19, 1938, at the age of seventy- 
two. Born at Middlesbrough on November 27, 1866, and son of the 
late Thomas C. Hutchinson, managing director of the Skinningrove 
Iron Co., Ltd., he began his education at the Middlesbrough 
High School, of which he later became the head boy. At the age of 
11 he was already showing his capabilities by passing the Cambridge 
Junior Local Examination with two distinctions. Four years later 
he went to Leys School, Cambridge. After passing the London 
matriculation in 1883, he specialised in biological science, and took 
the London B.Sc. direct from school, the intention being then that 
he should ultimately join his father at Skinningrove. In the mean- 
time, however, he had developed an exceptional interest in bio- 
logical and medical research, and he returned from London to 
Cambridge to study, which led to him taking his Major Scholarship 
at Trinity College, Cambridge. In doing this he obtained first- 
class honours in Parts I. and II. of the Natural Science Tripos, and 
finally he took his M.A. degree. In order to support himself during 
this period, he took the position of junior science master under his 
former teacher, Dr. C. W. Kimmins, at his old school. Together 
they built up an up-to-date science laboratory and established a 
Science VI. form; some of their pupils afterwards became distin- 
guished men of science, among these being Sir Joseph Barcroft, 
Professor of Physiology at Cambridge, and Sir H. H. Dale. 
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In 1894 Mr. Hutchinson made the change from purely scientific 
research work to a business career. His father had been managing 
director of the Skinningrove Iron Co., Ltd., since 1880, and when 
Pease and Partners, Ltd., took an interest in the company in 1894 
his son decided to give up his work at Cambridge in order to become 
secretary of the Skinningrove works; he subsequently became 
blast-furnace manager, and on his father’s death in 1918 succeeded 
him as managing director. During these twenty-four years there 
were many changes and developments in blast-furnaces, steel 
furnaces and rolling mills, and Mr. Hutchinson took an active part 
in the reorganisations and plant installations which were carried out 
at Skinningrove. It may be recalled that in 1911, a new 36-in. 
reversing rolling mill was put in, the electrical power for which was 
generated by alternators driven by gas-engines working on blast- 
furnace gas. Mr. Hutchinson eventually became chairman of the 
company, which position he held until his resignation in 1936, but 
he still remained a director. His death brought to a close a period 
of over forty years’ service to the Skinningrove Company, a firm in 
which his family had been interested for two generations. 

Public administration in the North Riding of Yorkshire also 
owes a great debt to Mr. Hutchinson for the active interest he 
displayed as a member of the Saltburn Urban District Council, as 
County Councillor for the Loftus district, and as a member of both 
the Public Health and Finance Committees. His continued interest 
in education after leaving Cambridge is shown by the fact that he 
was Chairman of the Governors of the Saltburn High School for 
Girls, Vice-Chairman of the Education Committee of the North 
Riding County Council, and Chairman of the Library Committee. 
He was appointed a Justice of the Peace in 1910 and had been a 
County Alderman since 1924. In politics he was a staunch Liberal, 
and was president of the Cleveland Liberal Association for many 
years. Neither was the religious life of the district neglected by 
him, for he was deeply interested in the Methodist circuit, and did 
a certain amount of lay-preaching. 

As might be expected, Mr. Hutchinson did not restrict the appli- 
cation of his technical knowledge and abilities to the furthering of 
the interests of the company with which he was immediately con- 
nected, but made numerous contributions to the iron and steel and 
engineering industries by preparing papers for, and delivering 
addresses to, various technical societies. ‘The Cleveland Institution 
of Engineers showed its appreciation of his active support by electing 
him Vice-President. In 1937 he was the principal guest of the 
Institute of British Foundrymen at the Derby Conference. He was 
also a Fellow of the Chemical Society. 

Mr. Hutchinson was elected a Member of the Iron and Steel 
Institute in 1895, and after serving for some time as a Member of 
Council, he was elected a Vice-President in 1927. In April, 1937, 
he succeeded Sir Harold Carpenter, F.R.S., as President, which office 
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he held until May 4, 1938, on which day he inducted his successor, 
the Earl of Dudley, into office. During this long period of member- 
ship Mr. Hutchinson was a joint author of papers, on fuel economy 
in iron and steel works and on the cleaning of blast-furnace gas, that 
were read before the Institute, and he contributed to the discussion 
on such subjects as blast-furnace practice, the combustion of coke, 
coal blending, the basic Bessemer process, and steelworks practice. 
As Vice-President and President he was continually active in pro- 
moting the objects of the Institute, and his genial manner, his 
readiness to give advice from his wide fund of accumulated know- 
ledge and experience and his constructive suggestions brought him 
the friendship and esteem of all those with whom he came in contact, 
and particularly of the Members of the Institute. With his death 
not only the Institute, but also the whole iron and steel industry, 
loses the services of one of its most valued friends and supporters. 


FRANK BAINBRIDGE died at his home at Carlin How, Yorkshire, 
on February 26, 1938, at the age of forty-six. After training as an 
industrial chemist with Pattinson and Stead, of Middlesbrough, and 
studying chemistry under the late Dr. J. E. Stead, he became a 
chemist at the works of the Skinningrove Iron Co., Ltd. He ad- 
vanced rapidly to the position of chief of the laboratories, and 
was appointed works manager of that company a year before he 
died. 

He was both a distinguished chemist and an expert metallurgist. 
While at Skinningrove he directed several investigations on the uses 
of waste gases from blast-furnaces and coke-ovens, and his paper 
on fuel economy gained for him in 1930 the award of the Williams 
Prize offered by the Iron and Steel Institute. He had also been 
awarded the Carnegie Gold Medal in 1920 for his research work in 
chemistry and metallurgy. 

He had been a Member of the Iron and Steel Institute since 1919, 
and had at one time been an Honorary Member of the Council during 
his period of office as President of the Cleveland Institution of 
Engineers. 


Dr. THomas Baker died at his home in Rotherham on May 28, 
1938, aged sixty-one. Commencing his education at the elementary 
and grammar schools at Wolsingham, Durham, he studied at 
Armstrong College, Durham University and at Sheffield University, 
where he took his degrees. Later he was appointed manager and 
metallurgist with New Vanadium and Alloys, Ltd. From that 
company he moved to the Steel, Peech and Tozer works of the 
United Steel Companies, Ltd., where he remained as chief metal- 
lurgist and head of the research department until prevented from 
continuing his active work by the long illness which preceded his 
death. He became a Member of the Iron and Steel Institute in 
1913. 
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Professor WiLLIAM ARTHUR Bonk, D.Sc., Ph.D., F.R.S., died at 
the Middlesex Hospital on June 11, 1938, at the age of sixty-seven. 
Born at Stockton-on-Tees, he attended the Friends’ School at 
Ackworth, Middlesbrough High School, Stockton Grammar School, 
and Leys School, Cambridge, and in 1891 graduated in chemistry 
at the Victoria University, Manchester, winning the Mercer Scholar- 
ship and the Le Blanc Medal in Metallurgy. He subsequently 
studied under Victor Meyer at Heidelberg. In 1896, he became head 
of the Chemical Department at Battersea Polytechnic, but two years 
later he returned to Divens College, Manchester, where he investi- 
gated the slow and explosive combustion of hydrocarbons. Mean- 
while at the sister University of Leeds, Professor Arthur Smithells 
was also studying combustion phenomena, and in 1907 he had so 
far impressed the Council of the University with the importance of 
the study of fuel, that the first Chair in the subject was founded 
there, and Professor Bone was invited to become its first occupant, 
an invitation which he accepted. During this time he had investi- 
gated the influence exerted by hot solid surfaces on the rate of 
combustion of gaseous mixtures in contact with them. He applied 
his discoveries to industry by bringing out the Bonecourt boiler 
with the collaboration of McCourt and the Leeds firm of Wilson and 
Mathieson. This invention won for him the Howard Potts Gold 
Medal of the Franklin Institute, Philadelphia, in 1913. In 1910 a 
Chair of the coal gas and fuel industries was endowed at the Leeds 
University as a memorial to Sir George Livesey, a former leader of 
the gas industry, and Professor Bone was made first Livesey Professor, 
a post which he held until 1912. It was at that time that he carried 
out the first systematic investigation of the radiant efficiency of the 
gas fire. In 1912 the Imperial College, South Kensington, invited 
Professor Bone to take over the study of fuel and other allied 
subjects in London, and the headship of that Department was his 
official position for the remainder of his life. 

Professor Bone was always specially interested in the fuel 
problems of the iron and steel industry and, although most of his 
contributions to science were published in the Proceedings of the 
Royal Society, of which he was elected a Fellow in 1905, he and 
Professor R. V. Wheeler prepared a paper on gas-producer practice 
which was read before the Iron and Steel Institute in 1907, of which 
he had been a Member since 1903. In 1919, in conjunction with 
Sir Robert Hadfield and Mr. Alfred Hutchinson, he presented a 
report on “ Fuel Economy and Consumption in the Manufacture 
of Iron and Steel,” which was read before the Institute. He made 
known the results of his laboratory work at South Kensington by 
delivering a series of papers on the interactions of gases and ore in 
the blast-furnace before the Iron and Steel Institute. Part I. was 
read in 1927, Part II. in 1930, and Parts III. and IV. in 1934. This 
very valuable work led to his being called upon by the Research 
Council of the British Iron and Steel Federation to continue his 
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research by making a systematic exploration of the reactions at 
different levels in a blast-furnace. The work was duly carried out 
in a blast-furnace of the Appleby-Frodingham Steel Co., Ltd., and 
the results were made known in the Iron and Steel Institute’s 
Special Report No. 18, entitled ‘‘ Reports upon Blast-Furnace 
Field Tests. I.—An Investigation of a Blast-Furnace Smelting 
Principally Lincolnshire Ores at the Frodingham Works of the 
Appleby-Frodingham Steel Co., Limited.” 

In addition to publishing many technical articles on fuel, Pro- 
fessor Bone was also the author of “‘ Coal and its Scientific Uses.” 
In collaboration with D. M. Newitt and D. T. A. Townend, he 
published ‘‘ Gaseous Combustion at High Pressures”; he also 
wrote ‘Coal, its Constitution and Uses,” in the preparation of the 
last edition of which G. W. Himus was associated, and he and D. T. A. 
Townend produced the book entitled ‘‘ Flame and Combustion 
in Gases.” His great work on fuel, in particular his valuable 
researches on the reactions of reducing gases on iron-ore particles, 
both in the laboratory and in the actual blast-furnace, were re- 
cognised by the Council of the Iron and Steel Institute when they 
elected him an Honorary Member in 1937. Other societies had also 
conferred honours on him, for he received the Medal of the Royal 
Society of Arts in 1922, the Melchett Medal of the Institute of Fuel 
in 1931, the Medai of the Society of Chemical Industry in 1933 and 
the Davy Medal of the Royal Society in 1936. 


JouN A. Capp died at Schenectady on January 6, 1938, at the 
age of sixty-eight. Born in Philadelphia in 1870, he was educated 
at the Central High School there, and was a pupil of the late Professor 
Elihu Thomson. He was for forty-five years with the General Elec- 
tric Co., at whose works he established the testing laboratory and was 
its chief until the company was merged with the Schenectady works 
in 1927. As a specialist on the testing of metals he was an active 
member of several American societies, holding the Presidency of the 
American Society for Testing Materials in 1918 and 1919. He was 
also a Member of the American Standards Association, the American 
Foundrymen’s Association and the American Society for Metals. 
He became a Member of the Iron and Steel Institute in 1904. 


Witu1aM Cross, A.R.S.M., M.I.E.E., who died at his home at 
Ashtead, Surrey, on October 16, 1937, was born at Bridgewater in 
1855. He received his early training in engineering at the works of 
William Pope and Sons, Bristol, and later served his apprenticeship 
with Fox and Walker, locomotive engineers of that city. While 
a student he was awarded a three-years Royal Scholarship by the 
science and Arts Department, South Kensington, tenable at the 
Royal School of Mines. While there he obtained an additional 
Royal Scholarship, passed the honours examination in metallurgy, 
and was awarded one of the two medals granted for that subject. 
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He was later awarded the Associateship of the Royal School of 
Mines. He then took up electrical and chemical research work. 
However, as he was interested in discoveries and inventions, he 
made a change, and became principal technical assistant to Sir 
William Lloyd Wise, consulting engineer and chartered patent agent, 
eventually becoming senior partner of the firm of Lloyd Wise and Co. 

Mr. Cross was a Fellow of the Chartered Institute of Patent 
Agents, a Member of the Institution of Electrical Engineers, a 
Member of the Faraday Society and had also held the office of 
President of the London Association of Engineers. He was elected 
a Member of the Iron and Steel Institute in 1908. 


LAWRENCE Ennis, C.M.G., O.B.E., died at his home in London 
on May 5, 1938, at the age of sixty-six. Born at West Calder, 
Scotland, he went while still a boy to America with his parents. 
He attended engineering classes there, and his skill attracted the 
attention of the late Mr. Andrew Carnegie. As assistant engineer 
with the Rochester Bridge and Iron Works from 1890 to 1902, he 
had important responsibilities in connection with bridge and 
structural contracts. His next position was that of superintendent 
engineer with the Baltimore Bridge and Iron Works. After only one 
year with them he returned to England to join Dorman, Long and 
Co., Ltd., as superintendent of their bridge and constructional 
department, and he served this company for the remainder of his 
life, holding successively the offices of works manager, general 
manager and managing director. 

During the War, and in the years immediately following, Mr. 
Ennis was President of the Iron and Steel Trades Association, 
and the manner in which he conducted negotiations with the 
employees’ representatives increased the reputation for fair dealing 
which he had already gained. 

The outstanding achievement of his career was his work as 
resident director in Sydney for Dorman Long and Co., Ltd., whose 
tender for the construction of the bridge across Sydney Harbour 
had been accepted by the New South Wales Government. He had 
entire charge of this great engineering work, in the course of which 
he overcame innumerable and often most unexpected difficulties. 
The bridge took eight years to complete and was officially opened 
in March, 1932. He had already been awarded the O.B.E. for his 
war services in establishing a plant for producing shells and shell- 
steel, and in recognition of his achievement in building the Sydney 
Harbour bridge he was made a C.M.G. in 1933. Mr. Ennis was an 
active Member of the Institution of Civil Engineers, and was awarded 
a Telford Premium by its Council. He was also a Member of the 
Institution of Mechanical Engineers, the Institution of Engineers, 
Australia, and until recently a Vice-President of the British Iron and 
Steel Federation. He was elected a Member of the Iron and Steel 
Institute in 1920. 
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PEeroy WitL1AM Fawcert died on March 9, 1938, at the age of 
sixty-six. He was the chief engineer of Thomas Firth and Son, 
Ltd., from 1897 to 1921, and became a director of this company in 
the following year, acting as their consulting engineer. He held 
directorships in a number of engineering and colliery companies, 
and up to a year before his death was managing director of the 
Park Gate Iron and Steel Co. He was elected a Member of the Iron 
and Steel Institute in 1923. 


JAMES FREDERICK JOHNSTON died at his home in Sheffield on 
October 8, 1938, in his eightieth year. He commenced his business 
career in a lawyer’s office at the age of nine. Some years later 
James Naismith, the famous engineer, called at the office to register 
the patent for a machine. This greatly interested the young man, 
and caused him to enter the forging department of Charles Cammell 
and Co. He later became chief forgeman at the Grimesthorpe works 
of Cammell Laird and Co., Ltd., where he was in charge of the 30-ton 
hammer. At that time this was the largest hydraulic press in the 
country, and he had the honour of demonstrating it to the then Duke 
and Duchess of York, as well as to many other notable people. 

Mr. Johnston retired from Cammell Laird and Co., Ltd., in 1911, 
and had many interests since then, for he was a Member of the 
Council for the Preservation of Rural England, of the Sheffield 
Reform Club and of the Sheffield Caledonian Society. He had been 
a Member of the Iron and Steel Institute since 1906. 


Sir Wirtu1AmM Joun Jones, K.B.E., died on October 12, 1938, 
at his home at Warlingham, Surrey. Born in London in 1866, 
he was educated at the Haberdashers Company’s Aske’s School, 
afterwards commencing an engineering career with Newton, Cham- 
bers and Co., Ltd. Subsequently he co-operated with the late 
Sir Arthur Duckham in forming the group now known as the 
Woodall-Duckham Companies. 

During the War Sir William was invited to join the Ministry of 
Munitions as Director of Refractory Materials, afterwards becoming 
Director of Steel Production. In 1919, in recognition of his services, 
the K.B.E. was conferred upon him (he had received the C.B.E. 
in the previous year), and he was also made an Officier de la 
Légion d’Honneur by the French President. After the War 
he served on a number of government commissions, one of 
which was sent to examine the condition of the iron and steel 
works in Lorraine and the occupied areas of Germany, a second 
was the Inter-Allied Steel Commission and a third was appointed by 
the Minister of Reconstruction to inquire into the supply of building 
materials. As a member of the Ceramic Society he, together with 
the late Dr. J. W. Mellor, was instrumental in forming the Refractory 
Materials Section of that Society in 1916. He was elected President 
of the Ceramic Society in the following year. 
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Sir William was a Member of Lloyd’s, of the Baltic Exchange 
and of the Thames Conservancy Board. He was interested in many 
concerns connected with the iron and steel trade, was chairman of 
Roadless Traction, Ltd., and was for some time a director of Dor- 
man, Long and Co., Ltd. He became a Member of the Iron and 
Steel Institute in 1919. 


CHARLES H. KEEN died on December 30, 1937, at his home at 
Llanishen, near Cardiff, at the early age of thirty-six, as the result 
of a chill following a recent operation. On leaving Cambridge he 
served his apprenticeship with the firm of Guest, Keen and Nettle- 
folds at Merthyr, of which his father was chairman, and was later 
transferred to Cardiff. He was a director of several other com- 
panies, including the Orconera Iron Co., Ltd., the Treforest Trading 
Estate, Ltd., and Briton Ferry Works, Ltd. At the time of his 
death he was also assistant managing director of Guest Keen 
Baldwins Iron and Steel Co., Ltd., Port Talbot. He took a great 
interest in first-aid work, and during a recent visit of the Duke and 
Duchess of Kent to Cardiff he was made an Officer of the Order of 
St. John of Jerusalem. He had been a Member of the Iron and Steel 
Institute since 1932. 


Dr. KarEL LOEVENSTEIN died in Prague on February 3, 1938, 
at the age of fifty-two. He joined the military administration of 
the Skoda works at Pilsen in 1914, and at the end of the War he was 
appointed secretary-general to the company. He was later appoin- 
ted managing director, and in 1934 became chairman of the board. 
As a member of the General Reception Committee for the 1930 
meeting of the Iron and Steel Institute held in Prague, Dr. Loeven- 
stein contributed greatly to the success of that meeting. He was 
elected a Member of the Iron and Steel Institute in 1931. 


Professor WiLLI1AM Henry Merrett, T.D., A.R.S.M., F.L.C., 
died on October 29, 1938, at the age of sixty-six. By his death 
the world is deprived of the services of a distinguished scientist 
and metallurgists who made most valuable contributions to 
the study of metals and explosives. He was educated at St. 
Olave’s School, and entered the Royal School of Mines at the age 
of twenty, taking first-class honours in metallurgy three years later, 
Professor Merrett then spent seven years as a research assistant at 
the Royal Mint under Sir William Roberts-Austen, and while there 
carried out a number of important researches on steel and other 
metals. He was a pioneer in the science of metallography and 
physical metallurgy. In conjunction with Monsieur Osmond and 
Professor le Chatelier he made the first apparatus with which the 
cooling of steel was recorded by the differential method; this provided 
a technique which proved to be of inestimable value in the investiga- 
tion of the behaviour of metals on cooling, and thus made possible 
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the practical development of alloy steels and their manipulation. His 
work was first publicly acknowledged in the Fourth Report to the 
Alloys Research Committee of the Institution of Mechanical 
Engineers, presented in February, 1897, dealing with the mechanical 
properties of brasses considered in relation to their freezing-point 
curve. Professor Merritt was closely identified with the research work 
of the Ordnance Committee, and was responsible for the investigation 
into the erosion of gun tubes, the explosion of lyddite and the 
detonation of ammonium nitrate, leading to the introduction of 
amatol. In 1901 he was appointed instructor in the Metallurgy 
Department of the Royal School of Mines; when this became part 
of the London University, the post of instructor was changed to 
lecturer, and he continued there as assistant professor until his 
retirement in 1937, having completed forty-four years’ service. 

At the early age of seventeen, he showed his taste for military 
work by joining the 3rd Middlesex Volunteer Artillery. During 
the War he was in charge of various coast-defence units until he 
became instructor in metallurgical chemistry to the Ordnance 
College. On reaching the age limit in 1926, he retired from Terri- 
torial service, being awarded the Territorial decoration and long- 
service medal. 

He was a member of several scientific societies, a Fellow of the 
Institute of Chemistry, a Governor of the School of Metalliferous 
Mining, a Member of Council of the Institution of Mining and Metal- 
lurgy, and was elected a Member of the Iron and Steel Institute in 
1904. 


Sir Rosert Lupwia Monn, M.A., LL.D., F.R.S.E., F.CS., 
died in Paris on October 22, 1938, at the age of seventy-one. He 
was the elder son of the late Dr. Ludwig Mond, F.R.S. Born at 
Farnworth, Lancashire, he received his general education at Chel- 
tenham College, going from there to St. Peter’s College, Cambridge, 
and later taking his M.A. degree. He studied later at the Federal 
High School, Ziirich, and the Universities of Edinburgh and Glas- 
gow. He assisted his father in the discovery of the gaseous metallic 
compound nickel carbonyl. After his father’s death he continued 
his researches, and was able to perfect a method for the production 
of this compound on an industrial scale. He and his assistants 
also discovered the first derivative of a metallic carbonyl—namely, 
cobalt nitroso-carbonyl. 

Sir Robert, then chairman of the Mond Nickel Co., Ltd., in 1919 
initiated the process of separating and refining the platinum metals 
from the end-products of the Mond carbonyl process. In addition 
to his metallurgical work, he applied his abilities to many other 
problems, including agriculture, as well as to the investigation of 
electro-magnetic phenomena. He was also a keen student of 


archeology. 
Sir Robert was an Hon. LL.D. of Liverpool and Toronto Uni- 
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versities, and a Fellow of the Royal Society of Edinburgh and of 
the Geological, Chemical and Zoological Societies. In 1936 he was 
awarded the Messel Medal of the Society of Chemical Industry and 
was elected President of the Société de Chimie Industrielle. In 
1938 he was elected a Fellow of the Royal Society. He was a 
Member of the Institute of Metals and had been a Member of the 
Iron and Steel Institute since 1910. 


Denys M. S. Parker died at Portmadoc, North Wales, on 
November 6, 1938. Born at Wareside, Hertfordshire, in 1912, 
he was educated at Durnford School, Swanage, and at Stowe. His 
first position was on the staff of the Oakley Slate Quarries, Ltd., 
in North Wales, with whom he remained for five years. In 1935 
he was invited by the proprietors of the British Steelmaker to take 
charge of that journal. He took up this work with all the enthusiasm 
of youth and in satisfying his thirst for knowledge he made the 
acquaintance of many prominent members of the iron and steel 
trade. The progressive improvement in the journal which he 
edited forms a permanent record of his literary ability. He was a 
great sportsman and keenly interested in the Territorial movement. 
He was elected a Member of the Iron and Steel Institute in 1935. 
The sudden closing of such a promising career at the early age of 
26 is a great loss not only to his many friends among the members, 
but to the whole literary profession. 


Professor NicoLA PAaRRAVANO died suddenly on August 10, 
1938, at Fiuggi, Italy. Born at Fontana Liri in 1883, he became 
professor of applied chemistry at the Padua University in 1913, 
afterwards becoming professor of physical chemistry in Florence. 
In 1919 he succeeded Cannizzaro as Director of the Institute of 
Chemistry of the Royal University in Rome. He had undertaken 
many scientific researches, chiefly in metallurgy, and was a great 
advocate of the close co-operation of science with industry. 

Professor Parravano was connected with many societies, both 
Italian and foreign, for he founded and directed the Instituto 
Scientifico Tecnico EK. Breda, which exists to promote the study of 
metallurgy, especially that of iron and steel. He was the recipient 
of many honours, having been elected President of the Union 
Internationale de Chimie, Vice-President of the Consiglio Nazionale 
delle Ricerche, President of the Comitato Nazionale della 
Chimica, and President of the Associazione Italiana di Chimica. He 
was one of the forty members of the Societa Italiana delle Scienze. 
In 1937 the Medaille Le Blanc of the Société Chimique was conferred 
upon him. He was elected a Member of the Iron and Steel Institute 
in 1929. 


Victor Bazar REICHWALD died in Berlin on November 24, 
1937, at the age of sixty. He was secretary of the British Malleable 
1938—ii LL 
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Tube Association, and was for many years a Member of the Iron and 
Steel Institute, having been elected in 1911. 


GEORGE HoGartH RitTcuIE died in October, 1938, at the age of 
forty-five. He was educated at Glasgow High School and the 
Royal Technical College, Glasgow. After some years as a metal- 
lurgist with the Cargo Fleet Iron Co., Ltd., he was appointed assis- 
tant blast-furnace manager to the Shelton Iron and Steel Co., where 
he soon became blast-furnace manager, a position which he held 
for seventeen years. A few years ago he moved to an associated 
company, John Summers and Co., Ltd., where he remained as 
steelworks superintendent until his death. Mr. Ritchie was elected 
a Member of the Iron and Steel Institute in 1920. 


GEORGE EpwarD SENIOR died at his home in Sheffield on August 
7, 1938, at the age of sixty-eight. 

He and his brother were joint managing directors of George 
Senior and Sons, Ltd., steel makers and forgers, of Ponds Forge, 
Sheffield. After the death of their father, the two brothers honoured 
his memory by presenting to the University of Sheffield a large sum 
of money for the endowment of a scholarship. Mr. Senior had been 
a Member of the Iron and Steel Institute since 1904. 


CHARLES E. S1ppDALL, J.P., died at his home in Sheffield on Feb- 
ruary 1, 1938, at the age of seventy. He entered the employment 
of the Sheffield Forge and Rolling Mill Co., Ltd., as a junior clerk 
at the age of seventeen, and eventually became its chairman and 
managing director. Besides being associated with this company 
for fifty-three years, he was also a director of Darwins, Ltd., Shef- 
field, for a number of years. Apart from his activities in the steel 
industry, Mr. Siddall was the Turkish Consul in Sheffield from 1928 
to 1937, and on his retirement was made an Honorary Consul of 
Turkey. He had also been a magistrate since 1917. He was 
elected a Member of the Iron and Steel Institute in 1905. 


DovuGtas Spitrrat died in October, 1938, at his home in Stour- 
bridge, at the age of forty-seven. He was at one time mill manager 
and roll designer for the Frodingham Iron and Steel Co., Ltd., and 
from 1932 to 1938 was works manager of the Round Oak Steelworks, 
Ltd., of which company he became a director shortly before his 
death. He was elected a Member of the Iron and Steel Institute 
in 1935, and was for a short period Chairman of the Roll-Design 
Sub-Committee of the British Iron and Steel Industrial Research 


Council. 


James M. Srrain died in Glasgow in March, 1938. He was 
an outstanding figure in the Scottish coal and steel industries. At 
the early age of twenty-two, on his father’s death, he took over the 
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management of the collieries owned by Ferrier and Strain; some 
time afterwards he became managing director of John Watson, 
Ltd., coal masters, Glasgow. Among many other interests was 
his long association with the Lanarkshire Steel Co., Ltd., of which 
he was vice-chairman for thirty years, afterwards becoming chair- 
man. He had been a Member of the Iron and Steel Institute since 
1917. 


AXEL FREDRIK WAHLBERG, D.Eng., died on November 1, 1938, 
at the age of seventy. Destined to be one of Sweden’s most promi- 
nent engineers, he was appointed at the early age of twenty-eight 
to be a professor at the Swedish Royal Technical High School. 
While there he founded the material testing department, which 
afterwards became the State Testing Laboratory. In 1903 he 
became chief engineer to Fagersta Bruks Aktiebolag, with which 
company he remained until 1914, after filling the positions of 
manager and managing director. In 1914 Dr. Wahlberg succeeded 
Brinell in the position of chief engineer of Jernkontoret. It will be 
remembered that when Brinell’s famous report upon the determina- 
tion of hardness was published in Jernkontorets Annaler in 1901, an 
English version was published simultaneously in the Journal of the 
Iron and Steel Institute; this report was compiled and published 
by Dr. Wahlberg and presented in his name. In 1930 he was 
elected managing director of Jernkontoret, a position which he held 
until his retirement in 1935. During his very active life other 
honours were conferred upon him, for he was President of the 
Swedish Technical Association from 1901 to 1903, and in 1927 he 
was awarded the Iron and Steel Institute Bessemer Gold Medal. 
He was elected a Member of the Iron and Steel Institute in 
1898, and it will be remembered that he contributed several 
papers which were read before the Institute. In 1902 he con- 
tributed two papers, one on the influence of chemical composition 
on the soundness of steel ingots, and the second on variations 
in the carbon and phosphorus in steel billets. Later, in 1926, 
in conjunction with A. Johansson, he prepared a paper on the 
development of the Swedish iron industry which was presented 
at the Autumn Meeting of the Iron and Steel Institute held in 
Stockholm. On the occasion of that visit of the Institute to Sweden 
Dr. Wahlberg took a prominent part in the organisation of the 
arrangements for the visitors’ entertainment and comfort. 

His death terminates a life of long and devoted service not only 
to the iron and steel industry of Sweden, but to all iron- and steel- 
producing countries, for his contributions to the knowledge of 
testing steel were perhaps second in importance only to those of 
Brinell, whom he so ably succeeded. 


LionEL Digsy WuitTeHEaD, J.P., died on March 27, 1938, at 
the age of sixty-one. Born at York and educated at Charterhouse, 
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he took up, at the age of twenty-two, the appointment of assistant 
works manager at the Tredegar Iron and Steel Works, of which he 
became manager in the following year. A man of abounding 
energy and possessing the gifts of quick decision and sound judgment, 
he himself, with the assistance of his father, decided to take the lease 
when the Tredegar Company signified to him their intention of 
abandoning their steelworks. He soon made a success of the mill, 
and with his two brothers he formed the Whitehead Iron and Steel 
Company in 1906. Continuing his progressive policy he installed 
in the following year the first Morgan semi-continuous rolling mill 
to be operated in England. In 1920 the company erected new 
works at Newport, Monmouthshire, the equipment of which has 
won the admiration of experts from many countries. 

Throughout his career, Mr. Whitehead not only demonstrated 
his technical and commercial ability, but also gave many examples 
of his close interest in the welfare of his workpeople. One of his 
schemes was a plan under which the workpeople were paid the same 
dividend on their wages as the shareholders received on their in- 
vestments. His broad outlook and his desire to promote the wel- 
fare of the community beyond the boundaries of his own works 
were evidenced by his generous support to several hospitals, his 
active interest in the work of the Monmouthshire Development 
Council and his offer of a prize of £1000 for the best suggestion for 
permanently and substantially reducing distress in South Wales. 

Civic honours were conferred upon Mr. Whitehead in 1927, when 
he was made High Sheriff of Monmouthshire. He had also been a 
Vice-President of the British Iron and Steel Federation. With his 
death the iron and steel industry loses the services of a great indus- 
trial leader. He had been a Member of the Iron and Steel Institute 
for the last thirty-six years, for he was elected in 1902. 


DANIEL WILKINSON died at Dunmow, Essex, on September 28, 
1938, at the age of\sixty-three. More than thirty years ago Mr. 
Wilkinson opened the original iron foundry at Lake and Elliot’s 
works, Braintree. He remained with this firm for several years, 
and subsequently joined a large motor company in Birmingham. 
He returned to Lake and Elliot in 1913 as foundry manager, from 
which position he retired only a month before his death. 

Mr. Wilkinson was a Past-President of the Staffordshire Iron 
and Steel Institute, and a Member of the Institution of Production 
Engineers and of the Institute of British Foundrymen; he was 
elected a Member of the Iron and Steel Institute in 1918. 


Professor Fritz Wist, Dr.-Ing.e.h., Dr.mont.e.h., Dr.phil., died 
at Diisseldorf on March 20, 1938, after a long illness. He was born 
on July 8, 1860, at Stuttgart. He was a student at the Technical 
High School in the town of his birth, and went from there to Freiburg 
University, where in 1886 he obtained his degrees in chemistry, 
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physics and geology. His first contact with the iron industry, to 
the advancement of which he was to devote his whole energies, was 
in 1886, when he obtained a position with the Wasseralfingen 
Ironworks. The work that he did during the five years that he was 
with that firm decided his career. This too was the time of the 
foundation of the German iron and steel industry, for wrought iron 
was then beginning to be replaced by Bessemer mild steel, so it was 
natural that a young man of his talents should be thinking how he 
could apply scientific knowledge to the benefit of the industry. 
In 1891 he became an instructor at the Staatliche Hiittenschule in 
Duisburg, where he, together with his friend W. Borchers, carried 
out much successful work during the next ten years. While in 
Duisburg he formed the opinion that the further development of 
the growing steel industry must have its foundation on general 
scientific principles, and it was in 1901, when he accepted the Chair 
of Ferrous Metallurgy at the Aachen Technical High School, that he 
first had an opportunity of putting his ideas into practice. Not 
long after his induction he laid before the then Prussian Ministry 
for Culture his plans for basing the training of men for the iron and 
steel industry upon the study and application of chemistry, physics 
and physical chemistry, and at the same time he prepared his 
scheme for the foundation of a large and fully equipped institution 
which would be dedicated not only to the practical training of stu- 
dents, but also to the research and investigation of processes relating 
to iron and steel production. This was an entirely new conception 
at that time, and it required all the perseverance and determination 
of Professor Wiist to overcome the opposition which his scheme 
aroused. With the support of the Prussian Ministry of Culture, of 
the Verein deutscher Kisenhiittenleute and of the German iron 
industry, he founded the Eisenhiittenmannisches Institut in Aachen, 
which was opened in 1910. This was one of the great achievements 
of his career, for it was the first institution in which the investi- 
gation of all the relative sciences was co-ordinated with the sole 
object of the advancement of the knowledge of iron and the ferrous 
alloys. It is not possible to enumerate here the large number of 
publications by means of which he made known the results of the 
valuable work that he and his collaborators carried out during the 
next seven years; suffice it to say that he produced constitutional 
diagrams of the iron alloys, tested materials, studied the physical 
and chemical properties of iron and steel and investigated and 
solved many of the process problems which arose with the growth 
of the iron and steel industry. 

In 1917 the Verein deutscher Eisenhiittenleute, supported by 
the German iron industry, decided to erect an institution which would 
be devoted solely to investigation and research, i.e., in which there 
would be no teaching. This culminated in the opening of the 
Kaiser-Wilhelm-Institut fiir Eisenforschung. There was no need 
to seek far for the first director of this establishment; the choice fell 
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obviously on Professor Wiist. At this institute he gave full play to 
his organising ability and his love of scientific investigation until he 
retired at the end of 1922; after that, however, he still maintained 
his interest in the work of the institution, and studied some of the 
scientific and technical problems which came before it. There is 
no doubt that the opening ceremony of the Kaiser-Wilhelm- Institut 
fiir Eisenforschung was the happiest moment of his life. 

Professor Wiist was held in high esteem and respect by his 
fellow-scientists and pupils. His great achievements received 
recognition not only in Germany but also from societies of inter- 
national reputation. He was an Honorary Member and a Member 
of Council of the Verein deutscher Eisenhiittenleute, which society 
awarded him the Carl-Lueg Memorial Medal. He was made an 
Honorary Doctor of the Stuttgart Technical High School, and of 
the Mining College in Leoben, and an Honorary Senator of the Aachen 
Technical High School. He was also an Honorary Member of the 
Japanese Iron and Steel Institute. He had been elected a Member 
of the Iron and Steel Institute in 1903, and in recognition of the 
very valuable services that he had rendered to the iron and steel 
industry, he was made an Honorary Member in 1931. 
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Modern Refractories in the Steel Plant. J. S. McDowell. 
(Blast Furnace and Steel Plant, 1938, vol. 26, Jan., pp. 72-74). 
The author discusses the physical and chemical properties and the 
specific applications of magnesite brick, forsterite refractories, 
chrome bricks, the so-called super-duty fireclay bricks, vacuum- 
pressed and de-aired bricks, high-temperature bonding mortars and 
insulating refractories. 

The Effect of Hydrocarbon Gases on Refractory Materials. 
Part I. A Preliminary Study of the Effects of Methane on Re- 
fractory Materials. E. Rowden and A. T. Green. (Transactions 
of the Ceramic Society, 1938, vol. 37, Mar., pp. 75-99). The 
authors discuss the thermal decomposition of methane from the 
physical and chemical standpoints both with and without catalysts, 
which may be refractory or carbonaceous materials or metals or 
metallic compounds. The process of decomposition may result in 
the production of the higher hydrocarbons or in the resolution of 
the methane into carbon and hydrogen. The literature on the effect 
of hydrocarbon gases on refractories is examined and the authors 
then describe their own experimental investigation of the influence 
of methane on these materials. Methane passed at a velocity of 0-008 
em. per sec. over certain fireclay bricks held at a temperature of 
795° C. caused their disintegration, whilst under the same conditions 
silica bricks were only discoloured. Examination of the dis- 
integrated fragments revealed the presence of carbon spots which 
probably form at iron spots in the original specimen and may 
cause disintegration as in the case of carbon-monoxide attack. The 
action of methane on iron oxides is also dealt with. 

The Use of Silica Firestone Refractories. E. A. Burr. (In- 
dustrial Heating, 1937, vol. 4, July, pp. 581-583; Aug., pp. 642- 
646; Sept., pp. 755-760). The petrography and physical, chemical 
and mechanical characteristics of silica firestone are examined, the 
methods of working it up into linings discussed, and the applications 
of such linings to soaking pits, converters, cupolas, &c., dealt with. 

A Note on the Reliability of Thermal Conductivity Measurements 
for Insulating Materials. H. Oliver. (Transactions of the Ceramic 
Society, 1938, vol. 37, Feb., pp. 49-61). Samples of practically 
identical diatomaceous insulating materials have been tested for 
thermal conductivity by three independent authorities and the 
results compared with those obtained by the author on the same 
bricks. Reasonable concordance in results may be obtained with a 
particular apparatus, but discrepancies observed between the 
results reported from different laboratories are sometimes greater 
than those covered by the limits of reproducibility of an apparatus. 
It is suggested that some tolerance should be used when comparing 
the relative insulating efficiencies of samples of this material on the 
basis of thermal conductivity values. 
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Heat Propagation Controls Furnace Economy. J. G. Coutant. 
(Iron Age, 1938, vol. 141, Mar. 17, pp. 27-29). The author notes 
the economic significance of accurate data respecting heat propa- 
gation to and in the refractory walls of furnaces and discusses in 
particular the physics of heat conduction and loss in refractories. 
The account consists of a summary of a paper by Cassan which 
appeared originally in Chaleur et Industrie, 1937, vol. 18, Feb., 
pp. 55-72 (see Journ. I. and §.I., 1937, No. I., p. 2874). The 
methods of investigating heat propagation in and the modes of 
transfer of heat in and out of furnace bricks are described together 
with the determination of the K factor. It is noted that insulation 
may increase heat loss. 

Impact Firing. (Steel, 1938, vol. 102, Mar. 28, pp. 52-54). An 
account is given of the design and operation of a galvanising plant 
utilising the impact-firing principle which is in use at the works of 
W. B. Scaife and Sons Co., Oakmont, Pa. An intimate mixture of 
gas and air correctly proportioned (and automatically maintained 
so) is directed at an angle into pockets formed by loose masses of 
refractory piled in combustion chambers suitably located with 
respect to the zinc kettles. Combustion takes place in the inter- 
stices of the refractory and raises the whole mass to incandescence. 
The gas-air mixture which impinges on the incandescent surface is 
activated catalytically, combustion therefore occurring rapidly and 
in a minimum space. The kettle is heated by the passage of the hot 
combustion gases along flues around it. The company is engaged 
in the manufacture of steel tanks and a complete description is given 
of the galvanising operation. The use of the impact firing principle 
is said to have reduced fuel costs and losses due to dross formation 
and to have resulted in increased kettle life. 

Coal, Coke and By-Products Testing. (Iron and Steel Industry, 
1938, vol. 11, Mar., pp. 227-230). A description is presented of the 
Woodall-Duckham Laboratories, Croydon, which are devoted to the 
testing of coal, coke and by-products. 

Illinois Coals. L. C. McCabe. (Mechanical Engineering, 1938, 
vol. 60, Mar., pp. 217-221). The author discusses the constitution 
of Illinois coals, the nature of the components and the effect of 
composition on behaviour in mining, screening, shipping and 
combustion. 

Representation of the Results of the Separation Process and an 
Investigation of the Accuracy of Separation in Coal Preparing 
Processes, with Special Consideration of the Operation of the Settling 
Plant. H. Paul. (Gliickauf, 1938, vol. 74, Apr. 2, pp. 277-284). 
The author discusses the evaluation and representation of the 
efficacy of coal-washing processes and machines. 
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The Crushing and Pulverising of Coal at Coal Mines and Coking 
Plants. H. Fleming. (Revue Technique Luxembourgeoise, 1938, 
vol. 30, Mar.—Apr., pp. 37-50). A detailed account is given of the 
construction and operation of different types of coal crushers and 
pulverisers. 

A Coke-Oven Installation in the Transvaal. (Coal Carbonisation, 
Supplement to Colliery Engineering, 1938, vol. 4, Feb., pp. 19-23; 
Mar., pp. 41-45, 48). A comprehensive account is given of the 
layout, construction and operation of a battery of Becker ovens 
installed at the Pretoria plant of the South African Iron and Steel 
Industrial Corporation, Ltd. Auxiliary equipment is also dealt with. 

Characteristics of Gas Coals on the Basis of the Agglutination Index 
Curves of Binary Mixtures. W. Swietoslawski. (Annales de 
l’Académie des Sciences Techniques & Varsovie, 1937, vol. 4, pp. 
196-200). On the basis of Roga’s method for determining the 
agglutination index of coals by measuring the mechanical strength 
of coke in a laboratory drum, it is proposed to characterise caking, 
feebly-caking and non-caking gas coals by comparing the curves of 
the agglutination indices of binary mixtures composed of coals and 
coke or anthracite, of coals of which one of the best caking types 
has been selected as a standard for the given cokery, and of coals 
and pitch. The characterisation and classification of a given 
sample of coal are derived by comparing the agglutination index 
curve of one of the above-mentioned binary mixtures with those 
found for the most typical coals of a given coal field. On the basis 


-of typical agglutination index curves of binary mixtures of this type, 


it is possible to find the optimum composition of coal mixtures 
for a given cokery to obtain the best coke. 

Agglutinative Power of Coal or Pitch in Binary and Ternary 
Mixtures Containing Other Coals or Inert Diluents. W. Swietoslawski 
and G. Hantke. (Annales de l’Académie des Sciences Techniques 
& Varsovie, 1937, vol. 4, pp. 201-215). Systematic studies of the 
agglutinating power of a series of binary and ternary mixtures were 
carried out by Roga’s crucible method, the strength of the crucible 
coke being determined by Roga’s rotary drum method. The plastic 
and binding material in the mixtures investigated was either caking 
coal or pitch and the diluent was anthracite, coke or non-caking gas 
coal. The relationship between the agglutination index of the 
mixture and the concentration of binding substance was determined 
in all experiments. 

New Coke Ovens at Brancepeth Colliery. (Iron and Coal Trades 
Review, 1938, vol. 136, Apr. 1, pp. 567-571). An account is given 
of a battery of 59 Woodall-Duckham Becker coke-ovens, by-product 
plant and auxiliary equipment recently installed at Brancepeth 
Colliery. Particular attention is devoted to coke handling, screening 
and storage. 

Research on the Chemical Purification of Coke and Some 
Related Problems. O. Dony-Hénault. (Chimie et Industrie, 1938, 
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vol. 39, Feb., pp. 225-234). The author discusses the purification 
of metallurgical coke by chemical methods. The use of hydro- 
chloric acid, chlorine and hydrogen is discussed, particular 
attention being paid to the removal of sulphur and to the use of 
chlorine, some reference being made to the nature and utilisation 
of the by-products obtained by treating the coke with this last- 
mentioned gas. 

Experimental Study of the Reactivity of Various Types of Carbon 
with Water Vapour and Carbon Dioxide. H. Cassan. (Association 
Technique du Gaz: Chaleur et Industrie, 1937, vol. 18, Sept., pp. 
355-364; Oct., pp. 406-412). The course of the reactions between 
carbon and water vapour and carbon dioxide is first examined from 
a physico-chemical standpoint, and the difficulties of an experimental 
investigation are then discussed. A detailed account is presented 
of the apparatus and technique employed in the research. 

Sulphur Recovery from Coke-Ovens. W. Reerink. (Gliickauf, 
1938, vol. 74, Apr. 9, pp. 303-309). Different methods of de- 
sulphurising coke-oven gas and of recovering the sulphur are 
described. The growth of sulphur to the status of an important 
by-product is outlined. It is noted that gas sulphur largely covers 
Germany’s requirements of this material. Recovery and output 
figures for various German concerns are presented and analysed. 

Production of Oils from High-Temperature Carbonisation Pro- 
cesses. G. J. Greenfield. (Coal Carbonisation, Supplement to 
Colliery Engineering, 1938, vol. 4, Apr., pp. 56-62). The author 
discusses the physics and chemistry of oil production from coal by 
high-temperature carbonisation processes. The construction and 
mode of operation of different types of carbonisation plants are 
examined. In conclusion the removal of sulphur compounds from 
benzole and the hydrogenation of benzole are briefly considered. 

The Utilisation of Coal with Particular Reference to the Pro- 
duction of Oil. C. Legrand and M. Simonovitch. (Publications de 
l’Association des Ingenieurs de |’Ecole des Mines de Mons, 1937 : 
Fuel in Science and Practice, 1938, vol. 17, Feb., pp. 41-47; Mar., 
pp. 65-68; Apr., pp. 96-104). A continuation of a previous article. 
(See Journ. I. and 8.I., 1938, No. I., p. 239 a). In the first chapter 
of the second part of the article the authors consider the utilisation 
of coal by high-temperature carbonisation processes. In the second 
chapter low-temperature carbonisation is discussed. Plant and the 
nature and utilisation of the products are considered in detail. 
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Damage to Hot-Blast Stoves; Causes and Methods of Prevention. 
H. Schumacher. (Stahl und Eisen, 1938, vol. 58, Apr. 7, pp. 372- 
377). The author discusses the damage which may arise in hot-blast 
stoves with high rates of heating ( 14 ,000-16,000 cu. m. per hr.). 
Damages to refractory linings by the mechanical effects of high- 
velocity gas streams, to the checkerwork by ferric oxide dust, and 
to the combustion space (resulting in its assuming a non-vertical 
position) are dealt with. Damage to the steel shell of the stove is 
also considered, whilst in conclusion the influence of sand injected 
into the hot-blast main is examined. The use of record cards for 
facilitating the supervision of stoves is discussed. 

Operating Results of a Reconstructed Group of Hot-Blast Stoves. 
W. Rabe. (Stahl und Eisen, 1938, vol. 58, Apr. 21, pp. 421-426). 
The author describes the reconstruction of a group of hot-blast 
stoves of an old type which were refitted with heavy-duty burners 
and checkerwork and operated in groups of three. The results 
obtained from the reconstructed plant are discussed, and the results 
of investigations of the air stream velocities in the stoves and mains 
are presented. The effects of thermally insulating the stoves and 
the hot-blast mains are also discussed. The work was undertaken in 
connection with the relining of a blast-furnace at the Ilseder Metal- 
lurgical Works. 

Temperature Readings in Blast-Furnace Stock Column. H. W. 
Johnson. (Blast Furnace and Steel Plant, 1938, vol. 26, Feb., 
pp. 165-168). After reviewing the work of other investigators on 
problems connected with the physical and chemical processes 
occurring in the stock column of the blast-furnace, the author 
describes the results of a series of studies carried out at the Inland 
Steel Co. to determine whether the conditions as to gas distribution 
in the blast-furnace were the same along four radii in a plane spread 
at 90° apart, and so to measure the peripheral distribution. Observa- 
tions were carried out by means of four thermocouples which were 
positioned at right angles in a plane 7 ft. below the stock line and 
driven in 4 ft. beyond the edge of the inwall, temperature readings 
being taken at intervals of 6 in. aonlg the radii. The conditions of the 
experiment are detailed and data are presented in tabular form for 
five surveys. It was found that during periods of low tonnage the 
peripheral distribution of the gas was not satisfactory ; this indicated 
that the faulty peripheral distribution occurred during a period of 
less efficient furnace operation. In general it is concluded that the 
peripheral distribution of gas in a furnace varies, and that whilst a 
survey taken along a radius may represent the condition along all 
the radii of that plane, there are wide differences in the distribution 


along different radii. 
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Pressure Operation of the Pig-Iron Blast-Furnace and the Problem 
of Solution Loss. J.M. Avery. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 921: Metals 
Technology, 1938, vol. 5, Apr., No. 3). The author discusses 
factors involved in the pressure operation of blast-furnaces. Gruner’s 
theorem of the “ ideal ” blast-furnace in which most of the fuel is 
burned at the tuyeres is discussed at length, together with the 
conditions necessary for attaining this ideal which eliminates so- 
called “ solution loss.’ Pressure operation of the blast-furnace is 
considered to be capable of yielding important results in connection 
with the elimination of solution loss, and the chemical, physical 
and thermal effects of pressure are examined in detail. Finally 
the effects of pressure operation upon the capacity and fixed charges 
are dealt with. 

The Heats of Formation of Iron Slags from the Oxides. W. A. 
Roth. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, Mar., 
pp. 417-419). The heats of formation of four different slags pro- 
duced during the smelting of iron are reported upon, namely, a 
slag containing 34-6% of silica and 38-75% of lime, another with 
43-78% of silica and 38-64% of lime, a third with 49-67% of silica 
and 32-23% of lime and a fourth with 15-5% of silica and 37-94% 
of lime. The corresponding alumina contents were 10-60, 10-10, 
8-67, and 3-45%. The heats of formation were calculated from those 
of the oxides. With increasing silica the values decrease, hence it is 
concluded that, until more extensive data are available, the thermal 
advantages claimed for the “acid process” for producing basic 
pig due to the coke saved by reason of the high heats of formation 
of the slags produced, are to be doubted. 

The Utility of Blast-Furnace Slag in Agriculture. K. Bassalik. 
(Annales de |’Académie des Sciences Techniques & Varsovie, 1937, 
vol. 4, pp. 301-307). Experiments carried out in vitro on the 
fertilisation of barley, and field tests on rye, demonstrated that a 
blast-furnace slag of suitable composition can entirely replace lime, 
and exhibits in addition favourable secondary effects in the case of 
the ape on barley. Field tests with rye gave no very clear 
results. 

Torsion Viscosimeter for Slags. B. P. Selivanov and V. M. 
Shpeisman. (Metallurgist, Russia, 1937, vol. 12, No. 5, May, pp. 
3-9). (In Russian). The authors have constructed an apparatus 
for the determination of the viscosity of molten slags by the torsional 
method. A vertical steel wire carrying at its lower end a plate which 
is immersed in the slag constitutes the chief part of the instrument. 
The torsion produced by rotating the wire is measured by means of 
an optical device. 
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The Foundry Industry in the Widened Economy of Great Germany. 
T. Geilenkirchen. (Giesserei, 1938, vol. 25, Apr. 8, pp. 155-158). 
The author presents a summary of the economic position of the iron- 
foundry industry in Austria, and the significance of this to Germany 
is considered. 

The Fulmina Rotary Furnace. (Engineering Progress, 1938, 
vol. 19, Apr., p. 76). An account is given of the construction of the 
Fulmina rotary oil- or gas-fired furnace for the production of high- 
grade iron and steel castings and malleable castings. It may be 
used in conjunction with the cupola for refining and alloying the 
iron produced in the latter. It is produced in sizes ranging from 
220 to 33,000 lb. capacity. 

Equipping of a Fettling Shop. J. Cameron, jun. (Institute of 
British Foundrymen: Foundry Trade Journal, 1938, vol. 58, Mar. 
24, pp. 255-257). The author considers various types of equipment 
for cleaning and fettling castings. Rumblers, various types of shot- 
blasting equipment, shot-slinging machines, hydraulic cleaning 
methods, grinding machines, and small finishing tools operated 
electrically or pneumatically are discussed. Factors influencing the 
choice of equipment for a particular shop are briefly outlined and 
some details are given regarding the layout and operation of the 
plant finally selected. 

Basic Open-Hearth Practice for Steel Castings. J. W. Porter. 
(American Foundrymen’s Association, Oct. 8-9, 1937: Blast 
Furnace and Steel Plant, 1937, vol. 25, Nov., pp. 1202-1203, 1221 ; 
Dec., pp.. 1296-1297, 1300, 1303). The author discusses initially 
improvements effected in open-hearth steel melting furnaces 
since their introduction, and passes on to a detailed account of 
current basic open-hearth practice in use at the Granite City 
Works of the American Steel Foundries for the production of steel 
for castings. The preparation and building of the furnace bottom 
are described. 

The Importance of Dust Removal in the Recovery of Moulding 
Sand. H. Kiick. (Giesserei, 1938, vol. 25, Mar. 25, pp. 137-138). 
The removal of dust from used moulding sand results in extended 
possibilities of re-using such sand and hence in considerable economy. 
An air elutriator operating on a centrifugal principle and particularly 
suited for the purpose of removing fine dust is described. 

Pattern-Making for the Light Castings Industries. R. R. Shaw. 
(Institute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 58, Mar. 31, pp. 275-276). In discussing the production of 
patterns for light castings the author considers the use of stucco, 
wood, and an 80/20 Jead-tin alloy. Particular reference is made to 
stucco core-boxes. The fields of application of each of these materials 
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are considered and the advantages of each in its particular field are 
discussed, together with the methods of employing them. 

Cast Composite Tool Steel. W. J. Green and S. Green. (Iron 
Age, 1938, vol. 141, Mar. 24, pp. 39-41). Reference is made to the 
inappreciable use made of composite-cast tool steel in U.S.A. The 
method of compound casting is described and the uses made of 
this material in England are summarised. Its advantages are: 
Composite-cast die cutting edges can be much harder than is 
possible with solid dies; heat-treatment failures are markedly less 
with composite than with solid dies; the soft back permits of higher 
loading without danger of fracture; the soft back also permits of 
drilling and dowelling die sets after hardening; the weld or bond of 
cast composite steel made from two molten steels in the same ingot is 
inseparable. Diagrams are presented to illustrate various combina- 
tions of composite-cast tool steel and mild steel, and methods of 
casting. 

Production of ‘* Pressure-Tight ’’ Castings in Grey Iron and its 
Alloys. A. E. M. Smith. (Institute of British Foundrymen : 
Foundry Trade Journal, 1938, vol. 58, Mar. 17, pp. 233-234, 238). 
The author discusses details and problems relating to moulding 
practice, moulding materials, distribution and types of runners, and 
feeding methods on the one hand, and to types of grey irons and alloy 
irons to employ and methods of melting and melting control on the 
other, in relation to the production of “ pressure tight ”’ castings. 

Causes of the Formation of Sand-Lines in Plate Bars. H. Grewe 
and R. Ruckert. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, 
Mar., pp. 421-429). During the casting of steel, manganous oxide in 
the slag and metal reacts with the Al,0;.2SiO, in fireclays and forms 
glassy melts from which corundum, sillimanite, mullite and rhodonite 
separate on cooling. Spinels are also formed. During pouring 
particles of fireclay refractory are carried away together with the 
minerals referred to above, and some of these particles occur as 
sand-lines on the surface of the plate bar. High-silica refractories 
are less readily attacked than fireclay, hence eroded particles of 
silica occur less commonly and are rarely found in sand-lines. The 
investigations described did not include a study of non-metallic 
inclusions arising from deoxidation processes, nor of the ingot slags. 
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Basic Bessemer Steel. J. Mitchell. (Staffordshire Iron and 
Steel Institute, Mar. 10, 1938: Iron and Coal Trades Review, 1938, 
vol. 136, Mar. 25, pp. 517-518). When large supplies of suitable 
scrap are available and when phosphoric pig iron constitutes the re- 
mainder of the raw material, it is probable that the basic open-hearth 
process is economically the most favourable; but where, for any 
reason, scrap is scarce or unduly expensive, the basic Bessemer 
process is economically superior. The author indicates certain 
essential features for the successful operating of this process, 
outlines advances from both the structural and technical standpoints 
achieved during the last twenty years, and discusses the problem 
of heat control in the Bessemer process and draws certain com- 
parisons between such control in this process and basic open-hearth 
practice. The use of a finishing slag in basic Bessemer practice is 
examined, and the great flexibility which it gives for the production 
of rimming steels and certain characteristic properties of basic 
Bessemer steels are dealt with in conclusion. 

The Rational Construction of the Open-Hearth Furnace. (Revue 
de Métallurgie, Mémoires, 1938, vol. 35, Feb., pp. 52-72; Mar., 
pp. 131-139). A complete translation into French of an article 
by L. Bruno which appeared originally in Metallurgia Italiana, 1937, 
vol. 29, Dec., pp. 649-674. (See Journ. I. and §8.1., 1938, No. L., 
p. 185 a). 

New Door Frame for Open-Hearth. (Steel, 1938, vol. 102, 
Mar. 21, p. 55). An account is given of the design and operation of a 
tapered water-cooled door frame for open-hearth furnaces developed 
by the Open-Hearth Combustion Co., Chicago. The design gives 
an opening wider at the top than at the bottom of the door; the 
advantages of this feature are enumerated. 

Refinements that Increase Furnace Efficiency, Decrease Personal 
Risk and Aid the Production of ‘‘ Tailor-Made ’’ Steels. T. Grey- 
Davies. (Sheet Metal Industries, 1938, vol. 12, Mar., pp. 310-311). 
In this, the first of a series of articles, the author discusses the 
improvements effected in the production of high-grade steel sheets, 
reference being made particularly to improvements in quality 
consequent upon research and control and to the decrease in de- 
fective output resulting from improved works supervision. The 
production of basic open-hearth steel for sheet is considered and 
the advances made in open-hearth furnace design and operation 
are discussed at some length. 

Two Abnormal Metallurgical Reactions, the ‘‘ Manganese 
Boil,’’ and the Formation of Sand Spots in Steel; Capillary Hypo- 
theses. H. Loéfquist. (Teknisk Tidskrift, 1938, vol. 68, Apr. 9, 
Bergsvetenskap, pp. 29-34). The author discusses the so-called 
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““manganese-boil ’’ (Mangankoket) and considers the origin of 
“sand spots” (Sandflécker) in steel. The origins of these 
phenomena are examined from the physico-chemical standpoint. 

Controlling Oxygen and Inclusions During the Steelmaking 
Process. A. Skapski, T. Mazanek and K. Wanner. (Annales de 
l’ Académie des Sciences Techniques & Varsovie, 1937, vol. 4, pp. 260- 
269). The authors discuss the theoretical and practical significance 
of the control of the oxygen content and of the amount and character 
of the non-metallic inclusions in steel at the different stages of the 
steelmaking process. The aluminium “ killing’ method of Herty 
is described together with the analytical methods employed by the 
authors in their investigations. It is shown that under the conditions 
of killing selected by the authors only the total ferrous oxide, 
whether free or combined, is reduced. A method of controlling the 
amount and character of non-metallic inclusions during the steel- 
making process as used during the investigations reported is 
described ; this method is compared with that of Herty. 

The Melting of Steel and Cast Iron According to the Present State 
of our Knowledge of Metallurgy. P. Bardenheuer. (Giesserei, 
1938, vol. 25, Mar. 25, pp. 129-137). The author discusses the re- 
action of carbon with oxygen in the manufacture of steel, the 
functions of manganese in the basic process and of manganese and 
silicon in the acid process. The deoxidation of steel, the chemistry 
and physics of the gas-absorption process in steel and the effects of 
absorbed gas on the properties of steel, the desulphurisation of steel 
and reactions taking place during the casting of steel are also dealt 
with. The metallurgy of cast-iron melting, gases in cast iron and the 
desulphurisation of cast iron are also considered. The author 
emphasises the progress made in steel-production processes and 
points out that whilst few parallels have been drawn between steel 
and cast iron, it is possible that advances made in connection with 
the former might be profitably followed in the foundry. 

The Duplex Process at the Ordjonikidze Metallurgical Works. 
A. T. Dudar. (Metallurgist, Russia, 1937, vol. 12, No. 5, May, pp. 
10-20). (In Russian). An account is given of the converter—open- 
hearth process as operated at the Ordjonikidze works in the Donetz 
Basin. The metal obtained is richer in nitrogen, hydrogen and 
slag inclusions than normal open-hearth steel, and is more 
“viscous.” For this reason the maximum carbon and manganese 
contents are lower than those usually found in open-hearth steels. 

Large Electric Furnace for Jarrow. (Iron and Coal Trades 
Review, 1938, vol. 136, Mar. 25, p. 522: Foundry Trade Journal, 
1938, vol. 58, Mar. 31, p. 274). A description is given of a 15-17-ton 
Tagliaferri electric furnace installed at Jarrow-on-Tyne for Jarrow 
Metal Industries, Ltd. The construction and operation of the 
furnace are considered at some length. 

Making Tool Steels in Electric Arc Furnace. H. C. Bigge. 
(Metal Progress, 1938, vol. 33, Mar., pp. 253-257). A continuation 
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of a previous series (see Journ. I. and S.I., 1938, No. I., p. 184 4). 
The author considers the fundamental advantages of refining under 
a reducing atmosphere as compared with the oxidising conditions 
inseparable from a fuel-fired furnace. The essentials of the double- 
slag process are also.discussed. A preliminary account is given of 
the development of the electric furnace for smelting iron and 
melting steel, and of the different operating conditions of fuel-fired 
and electric-arc furnaces. 

Steel-Melting Slags. Control of Slags for Basic Open-Hearth 
Furnaces. J.T. Brookes. (Sheffield Trades Technical Societies : 
Iron and Steel Industry, 1938, vol. 11, Mar., pp. 224-227). The 
author discusses the formation and control of slags for the basic 
open-hearth furnace. The method of calculating the slag volume 
for a given charge is described and illustrated by tabular data 
regarding a specific example. The action of the various con- 
stituents used in foming and crontrolling the properties of the 
slag are also dealt with. 

Life of Ingot Moulds. (Foundry Trade Journal, 1938, vol. 58, 
Apr. 7, pp. 293-294; Apr. 14, pp. 317-318, 320). An account is 
given of a discussion which took place on Mar. 15, 1938, at a 
joint meeting of the Sheffield Metallurgical Association, the Institute 
of British Foundrymen and the Iron and Steel Institute, on “ The 
First Report of the Ingot Moulds Sub-Committee, forming Section VI. 
of the Seventh Report on the Heterogeneity of Steel Ingots.” (See 
Iron and Steel Institute, Special Report No. 16, 1937, pp. 143- 
213). Mr. R. H. Myers, Chairman of the Sub-Committee, introduced 
the Report and dealt with factors affecting the life of ingot moulds ; 
Mr. J. G. Pearce presented it for discussion and dealt with metal- 
lurgical considerations, the cost of moulds in terms of steel, the 
influence of the cupola charge, the beneficial influence of phosphorus 
on the life of ingot moulds, the influences of stripping time, annealing 
and steel composition, and the significance of ingot-mould casting 
temperature. In the subsequent discussion users and manufacturers 
of ingot moulds contributed their views and dealt with the following 
features: Mould economy; an investigation of mould life; the 
effect of silicon; ingots for rolling and forging; the welding of 
defective moulds; cracking and crazing; inoculated irons; the 
superiority of mixtures over single irons; cause of growth; the 
influence of silicon and manganese; the structure of the metal 
forming the mould; the relationship between the phosphorus content 
of the ingot mould and its ultimate value as scrap to the steelmaker. 

More Recent Knowledge on Slag Inclusions in Steel. H. Léfquist. 
(Jernkontorets Annaler, 1938, vol. 122, No. 1, pp. 1-20). (In 
Swedish). The author discusses the physical chemistry of slag 
inclusions in steel with particular reference to the equilibrium 
diagrams of typical slag systems. The morphology of slag 
inclusions and methods of identifying them are also discussed and 
different types of inclusions are noted. 
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Hot-Forging Machines. C. L. Forbes and D. McMillan. (Institu- 
tion of Mechanical Engineers and the Sheffield Society of Engineers 
and Metallurgists, Feb. 23, 1938: Iron and Coal Trades Review, 
1938, vol. 136, Mar. 18, pp. 475-476; Mar. 25, pp. 529-530). The 
authors present a survey of modern types of hot-forging machines. 
Among those described are the Vincent bolt and rivet machine, the 
rotary table type of machine, the Horsfall forging machine, and 
open-die general-purpose forging machines. The general rules 
governing hot-forging (upsetting) are dealt with at length. 

Recent Developments in Presses and Sheet Metal Machinery. 
F. J. Oliver. (Iron Age, 1938, vol. 141, Mar. 24, pp. 44-50). In- 
cluded in a description of recent developments in presses and sheet- 
metal-working machinery are the Bliss four-point 180-in. toggle 
press, a pneumatic-lift gravity drop hammer, a high-production 
press arranged to operate at speeds of up to 60 strokes per min. and 
driven by a 15-h.p. motor, hydraulic straightening presses, a 300- 
ton high-speed hydraulic press, a hydraulic press of 1500 tons 
capacity for compressing non-metallic materials, crank-eyelet 
machines for heavier-gauge non-ferrous sheet stampings, pneumatic 
die cushions, corner-notching dies, a special power-driven straighten- 
ing machine for straightening stock before feeding into the punch 
press, side-trimming and slitting equipment, and an etching press 
for acid-etching hardened steel parts. 

Presses for Deep Drawing and Pressing. Critical Survey from the 
Metallurgical Viewpoint. J. D. Jevons. (Metal Industry, 1938, 
vol. 52. Mar. 25, pp. 331-334; Apr. 8, pp. 383-387; Apr. 22, pp. 
429-432; Apr. 29, pp. 455-458). Of the methods employed for 
imparting movement to the punches of presses used for drawing 
and pressing the crank possesses serious disadvantages from the 
metallurgical aspect. The rack and pinion possess the advantage 
of imparting constant velocity to the punch. Theoretically and in 
practice fluid pressure has been shown to be very advantageous. By 
reason of its simplicity the crank will probably remain in favour for 
many operations, particularly on presses running at high speed. 
In the second part of the article certain items in connection with 
design and operation are dealt with, and constructive criticisms of 
present practice are made together with suggestions for improve- 
ments. In the third part of this series the author reviews various 
types of presses in common use to-day with particular reference to 
their mechanical construction, the advantages and disadvantages of 
which are discussed. Single-punch fluid-pressure presses, multi- 
punch and fully-automatic machines are among those described. 
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To Determine the Capacity of Rolling Mills. A. A. Bulgakov. 
(Metallurgist, Russia, 1937, vol. 12, No. 5, May, pp. 109-113). (In 
Russian). The author emphasises the fact that the rating of the 
capacity of a rolling mill on the basis of weight of rolled metal 
produced in a given time is unsound and derives a formula based on 
the volume of metal displaced per unit of time. 

Deformation of Steel when Being Rolled. T. G. Konstantinov. 
(Blast Furnace and Steel Plant, 1937, vol. 25, Nov., pp. 1198-1201; 
Dec., pp. 1291-1294; 1938, vol. 26, Feb., pp. 174-177; Mar., pp. 
280-282). The author examines data of an experimental and theo- 
retical nature concerning stress distribution at the are of contact 
between metal and roll during rolling operations. The derivation of 
formule for calculating the work of deformation is considered, and 
the theory of various phenomena involved in the rolling process is 
discussed. In the third part of the series the author tabulates the 
results derived from his own formule and those of Puppe, Codron, 
Gavrilenko, Kiessebach, Vereschagrin and Fink. The results 
obtained are critically reviewed and it is shown that the formule of 
the author and Fink yield figures in close agreement. In the fourth 
and concluding part the results obtained by Puppe are compared 
with those obtained by the author. 

Roll Neck Bearings. F. J. Taylor. (Iron and Steel Industry, 
1938, vol. 11, Mar., pp. 219-223). An account is given of the con- 
struction, operation and advantages of certain recent types of roll- 
neck bearings. Among the types considered are the Morgoil, the 
Metropolitan-Vickers bakelite bearing, and composition bearings 
(including the Ryertex bearing) consisting of lignum vite or rubber ; 
some details of the manufacture of this last class of bearings are 
dealt with. 

Rolling Steel on Composition Bearings. O.K.Graef. (Iron Age, 
1938, vol. 141, Mar. 17, pp. 50-55, 114). The author describes briefly 
the genesis of the modern bearing with particular reference to the 
type used in rolling mills. The design of metal bearings for mills is 
discussed and the reason for their breakdown in certain cases con- 
sidered. The sensitivity of composition bearings to maladjustment 
is compared with that of metal bearings and particular reference is 
made to their low coefficient of heat transfer. In order to overcome 
the tendency of composition bearings to overheat it is necessary to 
cool and lubricate them with a copious supply of clean cold water. 
Factors affecting the design of composition bearings are discussed 
and optimum operating conditions are considered at length. Results 
obtained with composition bearings on blooming mills, roughing 
mills, structural mills, merchant mills, four-high mills, universal 
mills, and cold mills are then examined. Some details are given of 
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occasions on which composition bearings failed, the reasons for 
breakdown being analysed. 

Steel Mill Lubrication and Lubricants for Anti-Friction Bearings. 
O. L. Maag. (Iron and Steel Engineer, 1938, vol. 15, Feb., pp. 58- 
62). The author considers the function of lubricants in the rolling 
mill, the factors affecting the efficacy of a lubricant employed under 
the conditions existing in a rolling mill, the selection of the correct 
lubricant, types of lubricants, circulating oil systems and their 
advantages, the use of grease and extreme-pressure lubricants, and 
the influence of the operating speed and temperature on the selection 
of lubricants for particular purposes. 

The Use of Extreme Pressure Lubricants. R.C. Walter. (Iron 
and Steel Engineer, 1938, vol. 15, Feb., pp. 52-57, 63). The author 
outlines present practice with regard to the use of extreme-pressure 
lubricants in rolling mills. The use of extreme-pressure grease 
lubricant for roll necks is considered and it is noted that the type of 
grease discussed, whilst specifically developed for large heavy-duty 
roller bearings, is also a general-purpose grease; the advantages of 
this are referred to. The factors governing the use of extreme- 
pressure lubricants in mill drives are discussed with particular 
attention to the design and operating conditions of pinions. Re- 
ference is made to the contamination of lubricant arising from the 
condensation of moisture in enclosed units. Extreme-pressure 
lubricants have shown particular merit for large heavily-loaded 
bearings where, in normal operation, rotation is less than a full 
revolution. 

Wisconsin Steel Company Spends $6,000,000 for New Mills. 
(Blast Furnace and Steel Plant, 1938, vol. 26, Feb., pp. 178-182, 
208). An account is given of the recent additions and modifications 
to the rolling mills of the Wisconsin Steel Co., » subsidiary of the 
International Harvester Co. (See Journ. I. and S.I., 1938, No. I., 
p. 255 a). 

Rolling Mills for the Yugoslav Iron Works at Zenica. (Engineer- 
ing Progress, 1938, vol. 19, Apr., pp. 71-74). (See Journ. I. and 8.L., 
1938, No. I., p. 63 A). 

Progress in Foreign Rolling Mill Equipment. Slabbing Mill for 
Russia. K. Brandenburg. (Stahl und Eisen, 1937, vol. 57, Dec. 
23, pp. 1432-1433). The author presents a review of the new 
slabbing mill and auxiliary equipment installed at the continuous 
strip mill in Saporoshje. The account is based on articles which 
appeared in the Russian periodical, Stal, 1937, Nos. 4 and 5. 

Determination of the Productive Capacity and Efficiency of 
Medium and Heavy Sheet Mills. L. Agré and L. Liebermann. 
(Revue de Métallurgie, Mémoires, 1938, vol. 35, Jan., pp. 10-15). 
The authors discuss the methods of obtaining data for, and the 
calculation from these data of, the productive capacity and efficiency 
of mills for heavy and medium plate and sheet. Tabular and 
graphical data are presented by way of illustration. 
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98-Inch Strip Mill. (Steel, 1938, vol. 102, Mar. 21, pp. 36-39; 
Mar. 28, pp. 38-41, 55). New Republic Mill Boosts Strip Production 
Nearly Million Tons Yearly. (Iron Age, 1938, vol. 141, Mar. 17, 
pp. 30-36, 85). An account is given of the operation and production 
of the new 98-in. continuous strip mill at the Cleveland plant of the 
Republic Steel Corporation. Certain structural details are noted 
with respect to the mill, which has a nominal rated capacity of 
70,000 gross tons per month and maximum hot-mill delivery speed 
of 2,121 ft. per min. 

Strip Rolling. Speeds Adopted in Various Countries. C. E. 
Davies. (Midland Metallurgical Societies: Iron and Coal Trades 
Review, 1938, vol. 136, Mar. 25, pp. 526-527). Twenty-five years 
ago few ferrous cold strip mills in England or on the Continent 
worked at speeds above 50-60 ft. per min. On the Continent 
65-100 ft. per min. is still considered to be the highest efficient 
speed; this may be admitted to be really a low speed; truly high 
speeds may approach 1,000 ft. per min. Practices in the United 
States and Britain are compared, and the relationship between the 
linear speed of rolling and the rate of deformation of the material 
being rolled is discussed, together with problems of rolling speed and 
efficiency. The importance of roll temperature is dealt with and the 
author concludes with a brief account of the Steckel mill. 

Electrical Equipment of a 22-Inch Section Mill. (Iron and Coal 
Trades Review, 1938, vol. 136, Apr. 8, pp. 617-618). An account is 
given of the electrical driving units and control equipment for a 
three-high 22-in. Lamberton section mill at the East Moors Works, 
Cardiff, of Guest Keen Baldwins Iron and Steel Co., Ltd. 
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Single-Quench Treatment of Case-Hardened Parts. I. E. Tutov 
and D. Y. Bragin. (Metallurgist, Russia, 1937, vol. 12, No. 5, May, 
pp. 34-43). (In Russian). The authors have investigated the 
microstructures and mechanical properties of four case-hardening 
steels: U2 (carbon 0-18%, manganese 0-53%, silicon 0-22%); 
TzK (carbon 0-16%, chromium 0-55%, nickel 2-084, manganese 
0-55%); Kh1N (carbon 0-14%, chromium 0-71%, nickel 3-27%, 
manganese 0-71%); KhMI1 (carbon 0-13%, chromium 0-94%, 
nickel 3-94°%, manganese 0-47%); 453a-1 (carbon 0-18%, chromium 
1-47%, nickel 4-28%, tungsten 0-97%). Specimens of each were 
carburised and then subjected to one of the following heat treat- 
ments : Quenched from 860° C., annealed at 580° C. and requenched 
from 760°C.; quenched from 760° and annealed at 170° C.; heated 
to 860° C., quenched from 760° C. and annealed at 170° C.; quenched 
from 810° C. and annealed at 170°C. Since excessive grain growth 
does not occur during the carburising of low-alloy special steels the 
authors conclude that a single-quench treatment is sufficient; 
carried out from 760-780° C. it removes all traces of cementite net- 
work from the surface of the case on all the steels examined with 
cases up to 1-1 mm. in thickness; for heavier cases a single quench 
from 810-820° C. is suggested. For the higher-nickel steels (KhM1 
and 53a-1) which readily distort in quenching, the quenching tempera- 
ture can be reduced to 730-740°C. Omitting the preliminary 
quench from 860° C. does not affect the structure of the case or core ; 
on the contrary it diminishes the dangers of distortion and 
decarburisation and of attack by furnace gases. 

Liquid Atmospheres. (Steel, 1938, vol. 102, Mar. 21, pp. 50-52). 
The applications and advantages of salt baths for heat treatment are 
briefly summarised and a description is then given of the use of a 
carbon cover for the salt bath. It is formed by the addition of 3 to 
10% by volume of amorphous granular carbon to the salt. First 
developed for Perliton liquid carburiser, this process is said to keep 
the bath charged with carburising gases and to provide thermal 
insulation at the surface, thus reducing radiation losses. In certain 
cases the presence of the carbon prevents the oxidation or breakdown 
of the salts used and enables the bath to be run at a higher tem- 
perature. 

Surface Hardening of Materials with Coal-Gas and Oxygen. E. 
Meyer. (Metallwirtschaft, 1938, vol. 17, Apr. 1, pp. 371-374). It 
is noted that coal-gas may replace acetylene in the flame-hardening 
process, and that, besides being cheaper, it may possess certain other 
advantages. Cases 1-6 mm. in thickness may be obtained. 
Methods of conducting the flame-hardening operation are briefly 
outlined and tabular data are presented respecting the results 
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obtained on various materials surface-hardened with oxygen/ 
acetylene and oxygen/coal-gas mixtures respectively ; relative costs 
and gas consumptions are examined. Machines constructed to 
operate with acetylene may be converted to use coal-gas by merely 
changing the jets. 

Hardening of Unalloyed Cast Iron with the Oxy-Acetylene Flame. 
K. Bossert. (Giesserei, 1938, vol. 25, Apr. 8, pp. 158-164). The 
author discusses experiments on the hardening of unalloyed cast 
iron by means of the oxy-acetylene flame, the effect of the velocity at 
which the gases emerge from the jet on the hardness attainable with 
irons of different compositions, the economic value of the process, and 
the gas consumption under various conditions. The method entailing 
local heating and direct quenching gives erratic results in certain 
zones, the causes of which are discussed and demonstrated experi- 
mentally. 

Hardness of Nitrided Surfaces. I. F. Afonskii. (Metallurgist, 
Russia, 1937, vol. 12, No. 5, May, pp. 51-62). (In Russian). The 
author has investigated the hardness and microstructure of the 
surface layers of steel test-pieces directly after hardening by nitrogen 
and also after various heat treatments such as water- and oil-quench- 
ing and annealing at temperatures between 100° and 700°C. He 
has also investigated the effect of the cooling velocity after nitrogen- 
hardening between 1° and 270° C. per sec. on the surface hardness. 
The steels examined contained (a) carbon 0-4%, chromium 2-21%, 
aluminium 1-47%, molybdenum 0-34%, nickel 0-83%, (b) carbon 
0:32%, chromium 1-48%, aluminium 0-81%, molybdenum 0-25% and 
nickel 0-21% and (c) carbon 0-84%, chromium 1-82°% and vanadium 
0:759%. Where the alloying elements present form nitrides which 
dissociate and diffuse into the body of the metal at the temperature 
of treatment, heat treatment strongly affects the surface hardness, 
but when the nitrides formed are stable between 450-700° C. little 
effect is produced. The optimum cooling velocity after nitriding 
is 3-12° C. per min.; at cooling rates in excess of this too much solid 
solution is formed, and at lower rates the nitride particles are ex- 
cessively coarse; both conditions lead to decreased hardness. 
Nitrided surfaces begin to oxidise in air at 600° C., but in a neutral 
atmosphere, ammonia for example, no effect is produced by heating 
to 650-700° C. 

Deformation Caused by Nitrogen-Hardening. G. F. Kosolapov 
and A. I. Baikov. (Metal Industry Herald, Russia, 1937, vol. 17, 
No. 1, Jan., pp. 77-80). (In Russian). It is widely assumed that 
one of the main advantages of the nitrogen-hardening process as 
compared with ordinary carburising is the absence of distortion and 
the very slight volume changes involved. The authors show, how- 
ever, that the nitrogen-hardening of asymmetrical components 
over the whole surface, or the hardening of symmetrical work on one 
surface only leads to considerable distortion. Flat plates of chrom- 
ium-aluminium steel (105 x 18 x 4:2 mm.) become convex on the 
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hardened surface, whilst plates of the same size in a 0-15% carbon 
steel exhibit no distortion. Removal of the nitrided layer is a 
partial remedy for the distortion (for example, concavity decreases 
from 0-74 mm. to 0-24 mm.) but complete removal is not effected. 
The volume of the steel increases on treatment with nitrogen, the 
nitrided layer having a lower thermal expansion than the steel 
itself. Internal stresses caused by nitrogen-hardening must depend 
on the difference in elasticity between the nitride layer and the 
steel. The authors suggest the careful selection of surfaces to be 
hardened in order that the stresses which arise may counteract 
each other. The absence of distortion in the low-carbon steel plates 
is attributed to the different properties of the phases present in this 
case which are not entirely the same as those present in the alloy 
steels. 

The Scaling of Iron and Steel. A. Farnik and F. Kaluza. (Prace 
Badaweze Huty Baildon, 1938, No. 3, Feb., pp. 67-73). (In Polish). 
The authors discuss the scaling of plain carbon and alloy steels and 
consider the mechanism of the scaling process with reference to the 
dissociation pressures of metallic and non-metallic oxides at high 
temperatures. Results are presented of an investigation on a range 
of steels containing 4-59 to 24-53% of chromium, 0-71 to 0-:19% of 
carbon, 0-29 to 1-91% of silicon, 0-16 to 19-77% of nickel, and with 
and without tungsten, molybdenum and vanadium. Scaling tests 
were conducted at 900°, 1000°, 1100°, and 1200° C. in oxidising atmo- 
spheres with and without additions of aqueous vapour. Losses due 
to scaling are represented graphically in mg. per sq. cm. for periods 
of exposure up to 20 hr. 

Low Temperature Heating Furnace. C.R. Whittemore. (Cana- 
dian Metals and Metallurgical Industries, 1938, vol. 1, Mar., pp. 
80-83). The author gives details of the construction of a furnace for 
the stress-relieving heat treatment of welded pressure vessels and 
power boilers. This treatment involves the uniform heating of the 
whole vessel to 1100—1200° F., holding at this temperature for a period 
of time equivalent to one hour per inch of thickness of the thickest 
part welded, then cooling in the furnace to 500° F. before opening the 
doors. The furnace described was recently installed by the Dominion 
Bridge Co., Ltd., Lachine, Quebec. It is 48 ft. 8-5 in. long, 14 ft. 
wide and 15 ft. 6-75 in. high (inside dimensions), and is equipped 
with 24 Johnson low-pressure type No. 52 oil burners. 

Damage to Muffles by Controlled Atmospheres. (Metal Progress, 
1938, vol. 33, Mar., pp. 277-280). Muffles, resistors and thermo- 
couples made of heat-resisting alloys of the nickel-chromium-iron 
type may be attacked by heated reducing and carburising gases, the 
latter particularly tending to react with these materials. The gases 
appear to penetrate the protective oxide skin. The site and mechan- 
ism of deterioration due to the absorption of carbon at high tempera- 
tures are discussed. The use of welded joints and repairs is com- 
mented upon, together with the relative merits of cast and wrought 
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structures, and references are made both to the value of an alloy 
resistant to hydrogenation and carburisation and to the development 
of a non-sooting gas atmosphere. 

The Heat Treatment of Wire, Strip and Their Manufactures. 
(Wire Industry, 1937, vol. 4, Apr., pp. 173-177; May, pp. 221-229; 
June, pp. 287-289; July, pp. 321-325; Aug., pp. 421-422; Sept., 
pp. 475-476; Oct., p. 531; Nov., pp. 587-591; 1938, vol. 5, Jan., 
p. 7; Feb., pp. 83-85; Mar., p. 177). The continuation of a series 
of articles describing modern processes for the heat treatment of 
wire and wire products. (See Journ. I. and S.I., 1937, No. IL., 
p. 20 A). 

Heat Treatment of Large Chain Links. C. W. Shattuck. (In- 
dustrial Heating, 1938, vol. 5, Mar., pp. 230-234). An account is 
given of the heat treatment of chain links for the spillway gates of 
the Fort Peck Dam at Fort Peck, Mont. The links were produced in 
SAE 3140 steel and after treatment, which was carried out in a roller 
conveyor type furnace (for hardening) and a mesh conveyor type 
furnace (for tempering), gave Rockwell C hardness values of 41-43. 
A gas consumption as low as 3 cu. ft. per lb. of work hardened and 
tempered was achieved, the production averaging 400-500 Ib. per hr. 

The Heat Treatment of Steels for Gauges. K. Rosner and W. 
Pasternak. (Prace Badawceze Panstwowe Wytwoérnie Uzbrojenia, 
1937, No. 6, pp. 83-130). (In Polish). The authors have studied 
the heat treatment of four steels for gauges. Phenomena accom- 
panying ageing at 120°C. were examined by dilatometric and 
hardness measurements on specimens 45 x 30 x 10mm. Quench- 
ing experiments included oil and water quenches in media at room 
temperature and in heated media with the immersion period more or 
less prolonged. The ageing period extended in all to over 300 hr. 

On the Causes of Deformation in Steel During Heat Treatment. 
I. Feszezenko-Czopiwski and A. Groza. (Prace Badaweze Paiist- 
wowe Wytwéornie Uzbrojenia, 1937, No. 6, pp. 43-81). (In Polish). 
The authors have examined four carbon-steel test-pieces, two con- 
taining 0-18 and 0-37% of carbon which were carburised at 850° C. 
for 3 hr., and two containing 0-63 and 0-97% of carbon which 
together with the 0-37%% carbon specimen were decarburised for 
6-5 hr. at 925°C. The treated surface was then machined on one side 
and the test-pieces were bent to a semi-circle in a press. Specimens 
were then subjected to a number of heat treatments of different 
types, the bending of the specimen from its original semi-circular 
form being measured with a clock gauge. Certain conclusions are 
drawn as to the réle of the carburising and decarburising processes in 
the deformation occurring in masses of steel of different sizes and 
shapes during heat treatment. 

Protective Atmospheres for Annealing Furnaces in Steel Mills. 
A. N. Otis. (Iron and Steel Engineer, 1938, vol. 15, Feb., pp. 34-51). 
The author discusses the use of protective atmospheres in steel-mill 
annealing furnaces. Such atmospheres find their largest application 
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for bright-annealing low-carbon steel sheet and strip, and are pro- 
duced by the partial burning of coke-oven gas or natural gas in 
special equipment, the construction and operation of which are 
described. Some typical analyses of the atmospheres produced are 
presented and discussed, particular attention being paid to the 
moisture content. The causes and prevention of etching and oxida- 
tion phenomena are discussed at length. For annealing high-carbon 
steel the atmosphere required will depend upon the state of the 
material; if this is bright (cold-rolled strip, for example) a reducing 
gas is desirable. For hot-rolled material the surface of which is 
covered with mill scale a neutral atmosphere is indicated. The 
reasons for this differentiation are explained. The relative merits of 
coke-oven gas and dissociated ammonia for the annealing of 
materials with bright surfaces are discussed. In the case of material 
with mill scale on the surface, nitrogen, produced by burning a fuel 
gas and freeing the resultant atmosphere from water vapour and 
carbon dioxide, is the only readily available gas. The applications 
of protective atmospheres for the annealing of silicon steel and stain- 
less steel are also dealt with. An instrument is described which may 
be used to determine the moisture content of gases. 

Controlled Atmosphere Furnaces. (Industrial Heating, 1938, 
vol. 5, Mar., pp. 208-222, 234). In this article, which is a con- 
tinuation of a previous series (see Journ. I. and §.I., 1938, No. I., 
p. 3304), the progress in various types of controlled-atmosphere 
furnaces is reviewed. Among those dealt with are scale-free harden- 
ing furnaces, furnaces for clean and bright annealing, and brazing 
furnaces. Both construction and operating features are considered. 

Local Heat Treatment of Welded Components. A. Ogievetsky. 
(Metal Industry Herald, Russia, 1937, vol. 17, No. 3, Feb., pp. 
65-67). (In Russian). The author describes the technique and 
equipment for locally annealing welded seams on large structures 
such as boilers and mains which cannot be heat-treated as a whole. 

The Quenching of Carbon Steels in Heated Baths. I. Feszczenko- 
Czopiwski and J. Banas. (Prace Badawcze Panstwowe Wytwornie 
Uzbrojenia, 1937, No. 6, pp. 5-42). (In Polish). The authors 
investigated the possibilities of hardening a 0-64% carbon steel in 
baths at temperatures from 20° to 400°C. The hardness, impact 
strength, and tensile strength of the specimens were determined and 
compared with those obtained with the same steel hardened in the 
normal way and tempered to the temperature of the bath used 
for quenching the original specimens. Certain limitations and 
practical applications of the process are outlined. 
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The Rating of Resistance-Welding Transformers. C. E. Heitman. 
(Electrical Engineering, 1938, vol. 57, Mar., pp. 125-130). The 
present method of rating resistance-welding transformers varies with 
different manufacturers, and as a result some confusion is caused 
among users of this equipment. It is recommended that a standard 
method of rating, based on the thermally equivalent continuous 
output, be adopted. The general requirements of a welding trans- 
former are discussed for the purpose of explaining the desirability of 
such a standard rating. Certain of the recommendations made are 
already embodied in the present AIEE Standards for resistance- 
welding apparatus and in the standards adopted by the Resistance 
Welder Manufacturers’ Association, but it is further recommended 
that these standards be altered to require additional name-plate 
data. 

Welding with Austenitic Steel Electrodes. A. Ogievetsky. 
(Metal Industry Herald, Russia, 1937, vol. 17, No. 2, Jan., pp. 65- 
68). (In Russian). The author discusses the results obtained by 
welding special steels with austenitic nickel-chromium steel elec- 
trodes. The weld itself and the transition zone show a higher 
impact strength than the parent metal—20 and 12 kg. per sq. cm. 
as compared with 7-5 kg. per sq. cm. The transition zone contains 
martensite but is strengthened by filaments of austenite radiating 
from the weld proper. Steels in which nickel is replaced by man- 
ganese yield satisfactory results only when employed on parent 
metal of the same composition. Good welds are obtained, however, 
with electrodes containing both manganese (17-7%) and _ nickel 
(5-4%%), and excellent results were yielded by electrodes containing 
28% of nickel, 3-0% of chromium and 0-12% of carbon when 
employed for welding an austenitic manganese steel containing 
1-2% of carbon and 12-14% of manganese. 

Viscosity of Welding Slags. L. V. Everev and D. L. Kaufman. 
(Metallurgist, Russia, 1937, vol. 12, No. 5, May, pp. 76-81). (In 
Russian). The results are reported of an examination of twenty- 
three slags formed by coated electrodes. The composition of the 
slags was silica 20-40%, titanium dioxide 0-3%, oxides of iron 
10-20%, manganous oxide 6-30%,, alumina 5-15%, alkaline earth 
oxides.in varying amounts, and chromic oxide (in six slags only). 
These slags were mostly acidic. The viscosity characteristics of the 
slags are discussed ; certain of them were of the crystalline type 
with a low viscosity (approximately 1 poise) above the point of 
crystallisation and a high viscosity (40 poise) below this point. The 
remainder were glasses exhibiting a gradual change in viscosity 
(20-80 poise) with variation of temperature. The viscosity of slags 
containing no chromic oxide is essentially a function of their silica 
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content; chromic oxide increases the viscosity, and titanium dioxide 
decreases it when substituted for silica. This property of titania 
is of some practical importance as evidenced, for example, in the 
use of ilmenite for electrode coatings. 

Physico-Chemical Properties of Welding Slags and their Influence 
on the Welding Process. A. A. Epokhin. (Metallurgist, Russia, 
1937, vol. 12, No. 5, May, pp. 82-92). (In Russian). The author 
discusses the influence of the chemical and physical properties of 
welding slags on the quality of electrically welded seams. The most 
important chemical factors are the oxidation of the metal by slags 
containing free ferrous oxide, and the formation of silicon by the 
reduction of silica in the presence of a reducing atmosphere formed 
by the electrode coating. Chief among the physical factors are 
the viscosity and solidification temperature of the slag, its specific 
gravity and its electrical conductivity. The author determined the 
viscosity of slags formed by four different electrode coatings; two 
became fluid at about 1250°C. and the others at above 1300° C. 
The latter are the only type suitable for vertical or overhead welding, 
since they form a solid crust which prevents the liquid metal 
from dropping or runnir.g from the joint. 

Granite City’s New Strip Welder. (Iron Age, 1938, vol. 141, 
Mar. 24, pp. 56-57). A new type of strip welder incorporating 
mechanical handling and shearing of the strip and automatic control 
of welding heads was recently installed in the continuous strip-sheet 
mill plant of the Granite City Co. The Linde automatic gas head for 
welding is incorporated in this plant. A complete description is 
given of the welding operation. The machine is employed for butt 
welding two or more coils from a continuous hot strip mill prior to 
cold-rolling. The welds have been found to withstand cold-rolling 
without breaking and without marking the rolls, to require no flash 
stripping or grinding, and to be capable of being carried out at such 
a speed that the operation may be conducted in a recoiling or 
processing line. 

Economic Use of Materials in Repair Work in Iron and Steel 
Works. F.T.Linder. (Stahl und Eisen, 1938, vol. 58, Mar. 17, pp. 
300-303). The author discusses methods of economising in ferrous, 
non-ferrous, and non-metallic materials in iron and steel plant 
maintenance work. The uses of welding for repairing and fabricat- 
ing components and of non-metallic materials in place of metals for 
conduits and similar components are among the items touched on. 

Locomotive Cylinders in Welded Plate for the P.O. Midi. 
Laborie. (Société des Ingénieurs Soudeurs de Paris, Mar. 26, 
1936: Soudeur-Coupeur, 1938, vol. 17, Feb., pp. 12-16). An 
account is given of the manufacture of locomotive cylinders by 
welding from plate 20-30 mm. in thickness, at the Périgueux works 
of the P.O. Midi Railway. The edges of the plate were chamfered 
by means of an oxygen cutting jet and welded partly by the oxy- 
acetylene and partly by the electric-arc process. 
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Recent Knowledge Concerning the Welding of Structural Steel 
St. 52. K. L. Zeyen. (ADB, Kiel, Jan. 19, 1938: ADB, Essen, 
Mar. 21, 1938: Technische Mitteilungen Krupp, 1938, vol. 6, Apr., 
pp. 25-46). Steel St 52 is a low-carbon alloy steel of superior 
mechanical strength for structural purposes. Its analysis has re- 
cently been altered to obtain lower weld sensitivity. In experiments 
with cored alloy electrodes and standard coated electrodes St 37 
revealed high impact values in welds made with the latter; the tests 
were carried out at temperatures from — 70° C. to + 400° C., with 
the weld not heat-treated, annealed to free it from stresses, nor- 
malised, and aged. The superior results obtained with the sheathed 
electrode are attributed to the weld nitrogen content being lower 
than that with the cored alloy electrode. The importance of 
information concerning the properties of welds at low and high 
temperatures and in the aged state is discussed. The purpose of pre- 
heating thick alloy-steel sheet prior to welding isexamined. Alloyed 
cored electrodes are superior to sheathed electrodes at present 
available in so far as they do not increase the tendency to the 
occurrence of cracks in welded alloy or higher-carbon steels. Some 
recently developed sheathed electrodes also possess this attribute, 
however, and give in addition a tougher weld. Comparative welding 
tests on different types of St 52 by both the arc and the gas methods 
are described. A number of typical applications of welding in St 52 
structures are adduced. 

Questions as to the Welding Technique for Steel St 52. F. 
Rapatz and F. Schiitz. (Stahl und Eisen, 1938, vol. 58, Apr. 7, 
pp. 378-381). The welding of St 52 steel (carbon 0-18-0-13%, 
silicon 0-70-0:26%, chromium 0-03-0-5%, molybdenum, 0-03- 
0-:14%, manganese 0-79-1:25%, copper 0-27-0-71%) is difficult 
owing to the tendency of the parent metal and weld to cracking. 
This is to be attributed in the case of the parent sheet less to general 
hardness than to “ nests’ of martensite, which may be controlled by 
limiting the alloy content of the steel. The metallurgical condition 
of the steel also influences the tendency to cracking. Silicon con- 
tents of up to 0:7% cause no ill effects. The causes of cracks in the 
weld itself .are also discussed and methods of preventing them 
suggested. 

Testing the Weld Sensitivity of Structural Steel St 52 on Bend 
Test-Pieces with Longitudinal Beads. G. Bierett and W. Stein. 
(Stahl und Eisen, 1938, vol. 58, Apr. 21, pp. 427-431). The weld 
sensitivity of steel St 52 was investigated on bend test-pieces with a 
longitudinal weld; the hardening of the matrix due to the welding 
effects a pronounced diminution in the capacity of the test-piece to 
undergo deformation without cracking. It is shown that at least 
four specimens are required to determine with certainty the sensi- 
tivity or otherwise of the material to welding and that the bead need 
not be machined. In addition it appeared desirable to assess the 
properties of the material on the basis of the formation of the first 
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crack, instead of the incidence of local elongation and fracture, which 
point, however, it is still desirable to determine. The difference 
between the bending angles for the first crack and for complete 
fracture should also be noted. Hardening in welding beyond 300 
Vickers should be avoided. A series of results is presented in 
graphical and tabular form for experiments on sheets of different 
thicknesses. The bending test described appears peculiarly suitable 
for determining the weld sensitivity of St 52, but a fine differentia- 
tion is not to be expected with the forms of test-pieces employed in 
these researches. Suggestions for further investigations on these 
lines are given. 

On the Problem of the Sensitivity of Chromium-Molybdenum 
Steels to Welding. W. Eilender and R. Pribyl. (Archiv fiir das 
Eisenhiittenwesen, 1938, vol. 11, Mar., pp. 443-448). Welding 
cracks in chromium-molybdenum steels form at about 650° C.; they 
are due to crystal segregation and are not peculiar to any special 
composition or type of steel. To avoid cracking, such segregation 
should be prevented by controlled superheating of the steel during 
manufacture and by the use of special deoxidisers and methods of 
deoxidising; various practices are discussed. In the discussion 
tabular data are presented regarding the influence of the sulphur 
content of the steel on its tendency to crack during welding and on 
the effect of the welding method employed. 

Ageing of Welded Seams. E. M. Kuzmak. (Metal Industry 
Herald, Russia, 1937, vol. 17, No. 1, Jan., pp. 86-103). (In Russian). 
The author presents the results of an investigation of the ageing of 
welded seams with particular reference to the nature of the welding 
electrode. Welds were examined in the untreated state and after 
quenching from 650° C. in water and after normalising at 900° C. 
The material used was a 0-15°% carbon steel and, in all, nine types of 
coated electrodes were tested. The hardness, tensile strength, 
impact strength, microstructure and the appearance of welds 
under X-rays were determined at intervals over a period of 6 months. 
Ageing was found to depend on the nitrogen and oxygen concen- 
trations in the seam. With a nitrogen content approaching the 
limiting solubility in «-iron (0-015°%) and an oxygen content above 
the limit of solubility, the welds are sometimes quite stable and 
show no marked ageing effects. 

Causes of the Susceptibility of Welding Seams to Cracking. C. 
Stieler. (Stahl und Eisen, 1938, vol. 58, Mar. 31, pp. 346-350). 
Susceptibility to cracking on welding is exhibited as a rule only by St 
52, the higher-carbon steels and higher alloy steels. It occurs only 
with heavily sheathed electrodes. Unsuitable chemical composition 
of the electrodes—excess phosphorus and sulphur—favours the 
occurrence of cracks, but in general the composition of electrodes 
liable to cause cracking does not differ appreciably from that of elec- 
trodes which do not cause cracking. Apparently even their oxygen, 
nitrogen and hydrogen contents are not indicative of the liability to 
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cause cracking. Unfavourable welding conditions can, however, 
cause cracking; these conditions are discussed. Whilst the exact 
technique employed in fusing the metal during welding has not been 
shown so far to be a determining cause of cracking, the nature of the 
coating on the electrode exercises a pronounced influence. The 
cause of cracking is still not elucidated; apparently it is due to a 
number of unfavourable conditions operating simultaneously. 

Control of Welds. A. Leroy. (Société d’Encouragement pour 
’Industrie Nationale: Revue de la Soudure Autogéne, 1938, vol. 
30, Mar., pp. 342-347). The author discusses geometrical and 
mechanical faults in welds, inclusions in welds and chemical and 
structural heterogeneity in welds. The origin and consequences of 
such faults are examined and the following methods of control 
suggested : Examination of the appearance, determination of the 
physical properties, pressure tightness and density of the weld, 
including magnetic testing, X-ray examination, determination of 
the macrostructure and microstructure, evaluation of the corrosion 
resistance and other chemical properties of the weld, and finally the 
determination of the mechanical properties of the weld. The control 
to be exercised may be considered as comprising three sections : 
That applicable to raw materials and technique prior to commencing 
the weld, that covering the welding process proper, and lastly that 
concerning the examination and testing of the finished article. 

Study of Contraction and Tension in Welded Joints. H. Dutilleul 
and G. de Verdiére. (Génie Civil, 1938, vol. 112, Apr. 9, pp. 313- 
316). The authors present the results of an investigation of pheno- 
mena of contraction and tension in a wide variety of welded joints. 
The effects and methods of avoiding the harmful results of such 
contraction and stresses are discussed in detail. 
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Metal Degreasing with Organic Solvents. F. E. P. Griggs. 
(Canadian Metals and Metallurgical Industries, 1938, vol. 1, Jan., 
pp. 23-25; Feb., pp. 48-50). The author discusses the theory and 
practice of degreasing metals in organic solvents, the process being 
compared with other degreasing methods. The general requirements 
of a suitable solvent and equipment are outlined. Trichlorethylene 
is considered, as the typical organic degreasing agent. 

Tractor Parts Descaled Electrolytically. F. F. Vaughn. (Iron 
Age, 1938, vol. 141, Mar. 10, pp. 46-49). An account is given of the 
application of the Bullard-Dunn descaling process as operated at the 
Peoria (Illinois) works of the Caterpillar Tractor Co. The plant 
handles 350 tons of ferrous components per month. Work is first 
degreased in an alkaline electrolytic bath in which it is made the 
anode, after which it is rinsed in cold water and transferred to 
another bath containing sulphuric acid in which it is made the 
cathode, the anode consisting of a special silicon alloy and of tin. 
The tin forms only a small area of the anode and its function is to 
provide tin with which the cathode surface becomes coated as clean 
metal is exposed by the falling-off of the scale. Once descaled, the 
work is rinsed in cold water and in hot water (to facilitate rapid 
drying) containing a small amount of alkali to neutralise any residual 
sulphuric acid. A detailed description is given of the construction 
and operation of the plant, through which the work is passed auto- 
matically. The advantages of this descaling system are enumerated. 
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Plating Baths. W. M. Philips. (American Electro-Platers’ 
Society, Feb. 15, 1938: Canadian Metals and Metallurgical In- 
dustries, 1938, vol. 1, Mar., pp. 87-88). By means of miniature 
baths inserted in the optical system of a projectoscope, the processes 
occurring under different conditions as to current and electrolyte 
in such baths were demonstrated visually on a screen. Copper, 
nickel, tin, chromium and lead deposition processes were examined, 
and miscellaneous observations made are summarised. 

Nickel Plating. A.C. West. (Canadian Institute of Mining and 
Metallurgy, Mar. 14-16, 1938: Canadian Metals and Metallurgical 
Industries, 1938, vol. 1, Mar., pp. 84-87). The author discusses the 
theory of nickel-plating by electrodeposition, the preparation of 
nickel sulphate, the composition of the bath, preparing work for 
plating and the colour buffing of the deposit, bright plating, equip- 
ment for plating, factors controlling and desiderata with respect to 
the optimum thickness of deposits, the present extent of the applica- 
tion of nickel-plating, and future extensions in its application. 

Fundamental Problems in Nickel Plating. 8S. Wernick. 
(Electrodepositors’ Technical Society : Metal Industry, 1938, vol. 
52, Mar. 25, pp. 343-346). The author outlines the differences 
between British and American practice in nickel-plating and stresses 
the widespread use of non-agitated solutions in America. In England 
the use of agitation for hot nickel solutions is almost universal. 
American practice with respect to anodes and filtration is described 
and discussed. 

Recent Developments in Metal Finishing Processes. F. J. 
Oliver. (Iron Age, 1938, vol. 141, Mar. 3, pp. 44-49). The author 
describes recent developments in proprietary processes for the 
bright plating of both zinc and nickel, equipment for the anodic 
treatment of aluminium, plating equipment, the Stevens metal- 
spraying pistol (wire type), sandblasting equipment and paints and 
vitreous enamels of various types for sheet metal. 

Tests and Conditions of Acceptance for Decorative Electro- 
deposits of Nickel. M. Ballay. (Métaux et Corrosion, 1938, vol. 13, 
Jan., pp. 4-19). The author discusses the thickness and adherence 
characteristics of electrodeposits of nickel and methods of deter- 
mining these qualities. The hardness and brittleness of nickel 
deposits are also dealt with together with their resistance to chemical 
attack; in this connection the salt-spray test is considered in some 
detail. In conclusion the choice of specifications and methods of 
routine control for nickel deposits are dealt with. 

The Electrodeposition of Manganese from Aqueous Solutions. 
Il. A Survey of Several Electrolytes. W. E. Bradt and L. R. 
Taylor. (Electrochemical Society, Apr., 1938, Preprint No. 17). A 
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continuation of previous investigations (see Journ. I. and S.L., 
1936, No. II., p. 33 a). A preliminary investigation has been 
made of the electrolysis of several manganese salts in aqueous 
solution. The best quality of manganese plate under the experimental 
conditions prevailing was obtained from solutions of manganese 
benzoate, manganese-sodium citrate and mixtures of manganese 
lactate with sodium citrate. 

This investigation is being continued. 

The Causes of Porosity in Electrodeposited Coatings, Especially of 
Nickel on Steel. A. W. Hothersall and R. A. F. Hammond. 
(Electrochemical Society, Apr., 1938, Preprint No. 12). An analysis 
is made of the possible causes of porosity in electrodeposited metal 
coatings on steel, and the results of a preliminary investigation of the 
causes of porosity in nickel coatings on steel are reported. By 
eliminating suspended matter from the solution and by using speci- 
ally prepared electrolytic iron or finely-machined mild-steel rod as 
basis metal, pore-free nickel deposits less than 0-0001 in. in thickness 
have been produced. Finely divided solid matter in suspension in 
the solution, foreign matter in the surface of the steel and a rough 
condition of the surface were found to be the most important causes 
of porosity in nickel deposits on unpolished steel. Polishing of the 
steel on revolving wheels dressed with grease-bonded polishing com- 
positions resulted in increased porosity of the nickel deposit. Gas 
bubbles do not appear to be a primary cause of porosity. 

The Stripping of Chromium Electrodeposits for Thickness Measure- 
ments. S. G. Clarke. (Electrodepositors’ Technical Society : 
Metal Industry, 1938, vol. 52, Apr. 8, pp. 391-393). A rapid 
approximate estimate of the thickness of chromium coatings on 
nickel, steel and copper may be obtained from the duration of gas 
evolution when the coating is dissolved in cold hydrochloric acid 
containing an addition of antimony chloride to accelerate attack. 
The time taken for a unit thickness at the temperature of testing is 
given by a calibration curve which was derived experimentally. A 
deposit 1 x 10-5 in. in thickness dissolves in approximately 10 sec. 
at 20°C. The local thickness on a selected area is preferably tested 
after stopping off the remaining surface with a material such as 
nitrocellulose lacquer or chlorinated-rubber solution; the solution 
may also be applied in a glass ring fixed in contact with the surface. 
For loss-in-weight tests of thickness of chromium or nickel, steel or 
copper, the use of hot 5% sulphuric acid was found advantageous ; 
it dissolved off the coating rapidly and gave good results. Cold 
concentrated hydrochloric acid was less satisfactory as it took 
longer to remove the coating. Hydrochloric acid containing 
antimony chloride gave satisfactory results on relatively thin deposits 
of chromium as normally encountered, but thicker non-uniform 
coatings gave at times incomplete stripping as the last-remaining 
portion at the edges tended to become passive. Uniform coatings, 
however, stripped completely. 
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The Manufacture of Clad Steel Sheet. E.Schéne and W. Radeker. 
(Stahl und Eisen, 1938, vol. 58, Mar. 24, pp. 313-316). Steel may be 
clad with corrosion-resisting metals or alloy steels by three methods : 
Composite casting; rolling-welding; the diffusion method. Of 
these the rolling-welding process is the most generally applicable 
and the most economical. The adhesion of the clad layer increases 
with increasing reductions and with increasing temperatures. 
Details requiring special attention in cladding plain carbon steel with 
aluminium, silver, copper, nickel and stainless steel by this method 
are discussed. Future developments possible in clad metals as a 
class are considered. 

Modern Clad Materials and Bimetals. E. Lay. (Metallwirtschaft, 
1938, vol. 17, Mar. 4, pp. 258-259). The author discusses methods 
of manufacturing clad metals and bimetals, their uses, corrosion 
resistance and economic advantages in their use. The preparation 
of compound metals such as ‘“ Kupfer-Panzerstahl”’ (steel bars 
around which copper is cast, the compound bar being afterwards 
drawn down to rod or wire) possessing high strength and the corro- 
sion resistance of copper is referred to, together with steel tubes 
coated on one or both sides with copper, bronze or tombac. Bi- 
metals for bearings are prepared by welding a bearing bronze on to 
a steel base (ratio of steel to bronze = 80 : 20), the compound mass 
being afterwards worked up into bearings by rolling, pressing or 
drawing; a proprietary brand of such bimetallic bearing metal is 
“ Kupro-Ferro,”” consisting of steel lined with a heat-treatable 
copper alloy “ Kuprodur.”” Aluminium (and aluminium-alloy) clad 
steel is referred to under the name “ Alufer.” The preparation of 
bimetallic strips for the production of bearings consisting of a sin- 
tered (powder) iron-base bearing metal sintered on to a steel shell or 
strip is referred to also. 

The Application of Surfacing Materials by the Oxy-Acetylene 
Process. C.G. Bainbridge. (Welding Industry, 1938, vol. 6, Mar., 
pp. 62-71). Surfacing materials comprise those deposited on the 
surface of a component before it is put into service in order to confer 
superior wear-resisting properties or to confer some other special 
characteristic, and those employed to make good a surface lost by 
wear or corrosion. Surfacing materials may be the same as or similar 
to the base metal or may be of the hard-surfacing type such as 
cobalt-base alloys or tungsten carbides. The techniques of surfacing 
are dealt with together with methods of preparing the surface to be 
treated. Various typical examples are adduced from practice to 
demonstrate the surfacing procedure and to illustrate its application. 

American Hot-Dip Galvanising Practice. W. G. Imhoff. 
(Blast Furnace and Steel Plant, 1938, vol. 26, Feb., pp. 169-173, 
177; Mar., pp. 273-279). In the first part of this series the author 
considers the properties of the zinc required for hot-dip galvanising, 
particular attention being paid to specifications regarding chemical 
analysis. It is noted that conditions of smelting have also a marked 
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influence on the characteristics of the zinc which, whilst satisfying 
the specifications as to analysis, may be unsuitable for galvanising 
for certain other reasons. The uses of various grades of ammonium 
chloride and of zinc-ammonium chloride for fluxing are discussed, 
the advantages of the latter salt being enumerated. The use of 
lead, aluminium and alloy additions to the zinc are dealt with; 
the precautions to be taken when making such additions are noted. 
Pickling fluids and the characteristics of the steel base are briefly 
considered, together with the nature and properties of the different 
fuels used for melting and heating the zinc. Finally the use of flux 
conditioners such as glycerine, pine sawdust and bran is referred to 
and discussed. In the second part of the series the construction of 
galvanising pots is examined at length. Methods of fabrication, 
pot design and capacity, thickness of metal required, and the use 
of welded pots are dealt with. The dimensions of pots for particular 
classes of work are presented in tabular form. 

The Present Situation of the Hot-Dip Galvanising of Steel. KR. 
Haarmann and W. Radeker. (Stahl und Eisen, 1938, vol. 58, Apr. 
14, pp. 397-401). Improvements effected within recent years in the 
galvanising of steel by hot dipping have been mainly connected with 
the mechanical and organisation aspects of the process and less with 
the purely metallurgical aspect. As a flux zinc-ammonium chloride 
has recently been used instead of ammonium chloride, and as a 
foaming agent saponin or soap solution and other organic media 
have been used in place of glycerine and tallow; experience alone 
can show whether this latter substitution merely cheapens the pro- 
cess or actually improves the quality of the zinc. The zinc pot is 
still made of welded plain-carbon mild steel. The zinc bath contains 
additions of tin or antimony to inhibit bloom on the zinc coating, 
and also aluminium to improve the fluidity and thereby decrease the 
thickness of the zinc layer and so achieve greater pliability in the 
galvanised sheet. Reference is made to various processes designed 
to minimise the thickness of the zinc-iron interface alloy layer. 
Various methods, suggested or actually practised, to improve the 
appearance, quality and corrosion resistance of the zinc coating are 
also dealt with and reference is made to the utilisation of the ashes, 
dross, hard zine and dust produced during galvanising by hot 
dipping. 

Hot Galvanising of Steel Wire. A. Keller and K. A. Bohacek. 
(Stahl und Eisen, 1938, vol. 58. Apr. 14, pp. 402-405). Hot-dipped 
galvanised wire is either of the wiped- or heavy-coating type, the 
former showing 50-150 g. of zinc per sq. m. of wire surface and 
the latter 225-300 g. per sq. m. The wiped coating has a 
lower resistance to corrosion than the heavy coating. Where 
zine alloy is used for hot dipping or where the lead-zinc method 
is used very thorough wiping can be carried out. Various 
methods for obtaining heavy zinc coatings are outlined. Details are 
given regarding the economic evaluation of the galvanising process. 
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New Method for Control of Oxidisation and Heat Radiation on a 
Galvanising Kettle. W.H.Spowers, jun. (Wire and Wire Products, 
1938, vol. 13, Mar., pp. 135-136). The author considers the technical 
and economic significance of losses due to oxidation of zinc in gal- 
vanising kettles for pipe and wire. The requirements of a covering 
flux to prevent oxidation and to reduce radiation losses are enumer- 
ated. Reference is made to a compound “ G.B, 412 ” which is said 
to fulfil all requirements. Its composition is not stated. 

Electrolytic Tinning and Zincing of Iron and Steel. G. 
Elssner. (Stahl und Eisen, 1938, vol. 58, Apr. 14, pp. 405-410). A 
clean grease-free metallic surface is essential for the adhesion of an 
electrodeposited coating of tin or zinc. Descaling may be carried 
out by chemical or electrolytic methods. The operating conditions 
for both acid and alkaline zinc baths are discussed together with the 
bright zinc-plating process. Electrolytic tinning may also be carried 
out in acid or alkaline baths; optimum operating conditions and the 
uses of each process are considered. 

The Position of the Hot Tinning of Steel Sheet. F. Peter. (Stahl 
und Eisen, 1938, vol. 58, Feb. 17, pp. 165-169). In order to obtain 
economical thicknesses of tin on sheet it is necessary that as smooth 
as possible a surface should be given to the sheet. The annealing 
procedure influences the tinning process also. Zinc chloride to 
which ammonium chloride is sometimes added is employed as flux, 
the consumption being 50-60 g. per basis box. The purest possible 
tin should be used for tinning, but traces of iron, copper and lead 
cannot be avoided. The bath temperature on the input side should 
be 300° C., and on the output side 240°C. The influence of the 
grease pot into which the sheet passes after coming from the tin pot 
is conditioned by the temperature of its contents; the replacement 
of palm oil by suitable domestic (German) substitutes should be 
attempted. The utilisation of the cleaning material employed for 
degreasing the tinplates subsequent to this operation must be con- 
sidered. The construction and peculiarities of tinning and cleaning 
machines are described and the utilisation of waste products pro- 
duced in the manufacture of tinned sheet is discussed. (See following 
abstract). 

Hot Tinning of Steel Sheets. (Iron and Coal Trades Review, 1938, 
vol. 136, Apr. 8, pp. 604-605). An abridged translation into English 
of an article by F. Peter which appeared originally in Stahl und Eisen, 
1938, vol. 58, Feb. 17, pp. 165-169. (See preceding abstract). 

The Radiant Tubular-Element System as Applied to the Industry. 
A. A. Straub. (Institute of Vitreous Enamellers: Foundry Trade 
Journal, 1938, vol. 58, Mar. 3, pp. 202-204). The author discusses 
the application of radiant-tube heating to vitreous-enamelling 
furnaces, enumerates its technical and economic advantages, and 
considers operating systems and fuel consumption. 

Moulding Sands and Facings with Reference to Vitreous Enamel- 
ling. H. McNair. (Institute of Vitreous Enamellers: Foundry 
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Trade Journal, 1938, vol. 58, Apr. 7, pp. 297-298, 300). The 
author presents a study of the results of an investigation of the 
relationship between the adherence characteristics of vitreous 
enamel to cast iron, the moulding and facing materials employed in 
preparing the test-piece moulds, and the methods of cleaning the 
test-piece prior to enamelling. The sands used comprised Erith and 
Yorkshire sand, Scottish rock, a synthetic sand and a blended facing 
sand, whilst the facing materials included plumbago, lamp black, 
wood black, patent black and coal dust. Results are presented in 
tabular form. A novel form of adherence test was employed; two 
similar test-pieces were placed with enamelled faces in contact and 
heated for a short time to fuse the coatings together, then, one piece 
being held firmly in a special fixture, the other was pulled away from 
it by means of a tensile stress applied to a hook screwed into the 
non-enamelled surface. Stresses were recorded in lb. per sq. in. 

Transfers for Vitreous Enamelling and Their Application. P. 8S. 
Mecrate-Butcher. (Institute of Vitreous Enamellers: Foundry 
Trade Journal, 1938, vol. 58, Apr. 7, pp. 295-296). The author 
describes the nature and preparation of transfers, their application to 
enamelled surfaces, the fixing and firing of transfers, the use of acid- 
resisting colours for transfers (this is not known to have been success- 
fully achieved at present), the special problems encountered in 
firing colours on to a black background, and various features 
emphasising the importance of co-operation between the transfer 
designer and the enamelling department. 

The Pahl Hot-Spray Painting Process. (Railway Gazette, 1938, 
vol. 68, Feb. 4, p. 220). An account is given of the Pahl hot-spray 
painting process. The binding agent used consists of a highly 
viscous stand oil in conjunction with resin and wax; all customary 
pigments may be embodied in this binding agent, which is claimed to 
be impervious to water. The paint is placed in the form of a paste 
in an electrically heated container and is sprayed through a gas flame 
by compressed air. The effect of the pilot flame is to dry the surface 
on to which the paint is sprayed. 

British Standard Specifications for Driers for Paints. (British 
Standards Institution, No. 331-1938, No. 332-1938). These speci- 
fications apply to paste and liquid driers. 

British Standard Specification for Venetian Red for Paints. 
(British Standards Institution, No. 370-1938). It is specified that 
Venetian red for paints shall be in the form of a dry soft powder the 
colour of which is due wholly to inorganic iron compounds, the 
proportion of iron oxide (expressed as ferric oxide) being not less 
than 25%. 
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10-Ton Autographic Testing Machine. (Engineering, 1938, 
vol. 145, Mar. 18, pp. 309-310; Mar. 25, pp. 326-327). A descrip- 
tion is given of a 10-ton testing machine designed and constructed 
in the Engineering Laboratory of Cambridge University and installed 
in the Engineering Department of the National Physical Laboratory. 
The load is recorded by an Elektron pointer upon a smoked glass 
plate. The machine is designed so that the load may be applied 
over a very wide range of speeds, this being achieved by varying the 
speed of rotation of the straining screw which is driven by an electric 
motor through a gearbox and worm reduction gears. 

Contribution on the Problem of the True Yield Point. S. Szta- 
tecsny. (Metallwirtschaft, 1938, vol. 17, Mar. 18, pp. 295-300). 
Various uncertainties in commonly-employed methods for determin- 
ing the yield point are discussed, and the influence of peculiarities 
in both test-piece and testing machine are dealt with. It is demon- 
strated how residual stresses in the test-piece may falsify the yield 
point. Complications formerly inherent in the bend test for steel 
have now been removed, and the simple form of the test-piece 
required, the independence of the highest attainable bending 
moment from residual stresses, the relatively low applied stresses 
required, and the simple relationship between the yield point and 
the capacity for bending of the specimen indicate that the bend test 
should in future find more extended use as a means of determining 
the yield point of steel. 

Stress-Strain Diagram of Mild Steel in Relationship to Elastic 
Behaviour of the Testing Machine. G. Welter and 8S. Gockowski. 
(Metallwirtschaft, 1938, vol. 17, Mar. 18, pp. 300-304). The authors 
describe experiments to verify the effect of elastic reaction in the 
testing machine upon the stress-strain diagram for mild steel. It is 
demonstrated by means of a specially designed testing machine 
with hydraulic-pneumatic cushioning that under the experimental 
conditions prevailing during the authors’ investigations the stress- 
strain curve bends over directly at the so-called lower yield point 
without the specimen elongating at a load which lies below a so 
called “upper yield point.” The velocity of yield is also 
dealt with and the advantages of the new testing machine are 
described. 

Contribution to the Solution of Problems Concerning the De- 
formation of Crystalline Matter. A. Pistocchi. (Alluminio, 1938, 
vol. 7, Jan._Feb., pp. 3-13). (In Italian). The author discusses the 
laws governing atomic linkages and the space lattice particularly 
in regard to properties of elasticity. Homogeneity, anisotropy and 
elasticity are discussed in relation to the crystal and special attention 
is paid to the manner in which deformation is manifested, amped 
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being laid on the influence of the rate of application of stress. 
Phenomena of contraction and expansion are examined, and the 
causes responsible for the rupture of a specimen in so far as they 
may be observed on a microscopic scale are discussed. In conclusion 
fatigue phenomena are dealt with. 

On the Theory of Plastic Deformation and Twinning. J. Frenkel 
and T. Kontorowa. (Physikalische Zeitschrift der Sowjetunion, 
1938, vol. 13, No. 1, pp. 1-10). The authors present a theory of 
plastic deformation and twinning based on an assumption of the 
longitudinal displacement of a chain of elastically bound atoms over 
a similar rigid chain. The theory is extended to cover two and three 
dimensions. 

A Problem on the Strength of Materials and Photo-Elasticity. 
F. Temmermann and L. Blanjean. (Ossature Métallique, 1938, 
vol. 7, Mar., pp. 132-137). The authors present an analytical study 
and experimental proof of data, obtained by photo-elastic methods, 
concerning stress distribution in the neighbourhood of the point of 
bending of a right-prismatic test-piece in plane composite flexion 
with simultaneous shear. The problem is considered from the point 
of view of welded steel structural work and is treated mathematically. 

An Alternating-Bend-Test Machine. E. Erlinger. (Archiv fiir 
das Ejisenhiittenwesen, 1938, vol. 11, Mar., pp. 455-456). A new 
design of testing machine for repeated or static bend tests is described. 
The construction is very light and the absence of friction in the 
operating mechanism enables very accurate results to be obtained. 
It may be used for testing rod, sheet or tube of round or angular 
section. 

Damping and Strength Values of Materials. W.Spiath. (Archiv 
fiir das Eisenhiittenwesen, 1938, vol. 11, Apr., pp. 503-507). A 
close relationship exists between damping, creep and the static 
characteristics such as limits of elasticity and proportionality and the 
yield point. Since these last properties vary in the course of a test, 
first very strongly and then in a continually lesser degree, a single 
tensile test cannot give any final indication of the properties of the 
material; the test must be repeated several times and measurement 
of the damping may replace the customary precision measure- 
ments with optical apparatus. 

Research on Fatigue Properties of Heavy Helical Springs. C. T. 
Edgerton. (American Society of Mechanical Engineers, Sub- 
Committee on Heavy Helical Springs of the Special Research 
Committee, Progress Report No. 3: Wire and Wire Products, 
1938, vol. 13, Mar., pp. 125-131, 155; Apr., pp. 183-185, 204). 
The results of investigations already published have been extended 
to cover electrically melted silicon-vanadium steel, a plain carbon 
electric steel containing 1-01°% of carbon and 0-32% of silicon and a 
plain carbon acid open-hearth steel. Tabular data respecting 
endurance and fatigue tests are presented and critically reviewed. 
(See Journ. I. and §.I., 1938, No. I., p. 275 a). 
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Time-Resistance. A. Thum and W. Bautz. (Zeitschrift des 
Vereines deutscher Ingenieure, 1937, vol. 81, Dec. 4, pp. 1407- 
1412). The authors discuss time-resistance (Zeitfestigkeit), which is 
defined by Bollenrath and Cornelius (see next abstract) as the 
capacity of a material to withstand a limited number of stress 
reversals above the fatigue strength until fracture supervenes. Light 
construction, and the endeavour to utilise more fully the potentialities 
of structural materials, make it necessary to allow in calculations for 
design for the frequency of different ranges of stress that occur in 
service and for the required life of the structure. For this purpose 
the conception of time-resistance with respect to the material and 
design under consideration is utilised. It must also be remembered 
that brief but heavy overloading damages the material and so reduces 
its fatigue strength. The employment of damage curves 
(Schadenslinie) enables dangerous overstressing to be differentiated 
from innocuous overstressing. Both time-resistance and damage 
curves are influenced strongly by the design and pretreatment of 
the component as well as by the material of which it is made. By 
hardening and tempering it is possible to effect an approach of the 
damage curve to the time-resistance curve; this enables a much 
more complete utilisation of material to be effected in the time- 
resistance range, with simultaneous repeated stressing in the region 
of the fatigue limit. When as a result of further investigations a 


’ sufficient knowledge is gained of the interrelationship of these 


properties it will be the aim to obtain as close an approximation 
as possible of the damage curve and time-resistance curve and so to 
control the form of these that they lie as far as possible on the curve 
which may be derived to express how frequently during the stipu- 
lated life of a structure a stress of a determined average value will 
be reached and exceeded (Summenhdufigkeitskurve). 
Time-Resistance (i.e. The Number of Load CyclesSustained Beyond 
the Fatigue Resistance) and the Endurance Strength of Unwelded 
and Butt-Welded Chromium-Molybdenum Steel Tubes at Different 
Average Tensile Stresses. I. Bollenrath and H. Cornelius. (Stahl 
und Eisen, 1938, vol. 58, Mar. 3, pp. 241-245). Time-resistance 
(Zeitfestigkeit) is defined in this article as the capacity of a material 
to withstand a limited number of reversed stresses above the 
fatigue strength until fracture supervenes. Reference is made to 
data on this property given by K. H. Riihl in Jb. Lilienthal-Ges. 
Luftf.-Forschg., 1936, pp. 258-264. The time-resistance and fatigue 
strength of unwelded and butt-welded chromium-molybdenum steel 
tubes, variously heat-treated, were determined for fluctuating 
tensile stresses above a certain minimum value, and for tensile- 
compressive stresses. In addition deformations consequent upon 
stressing above the fatigue limit were also investigated. It is shown 
as a result of these experiments that upper limiting stresses which 
do not lie far below the static tensile strength may be sustained 
reasonably frequently in the case of fluctuating tensile stresses. For 
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a number of stress reversals below 104-10, the steep drop in the 
Wohler curve for fluctuating tensile stresses above a certain minimum 
value is bent in the direction of the tensile strength. The 
tensile strength under a stress fluctuating between zero and a 
maximum value, and the tension-compression fatigue limit for butt- 
welded tubes, were, in contrast to the values for the alternating- 
bending strength, only slightly improved by subsequent hardening 
and tempering. Particularly in the range of higher average tensile 
stresses, the time-resistance for limiting stress reversals between 
103 and 104, and, above a mean stress of +45 kg. per sq. mm., for 
105 reversals, was strongly enhanced when the specimen was hardened 
and tempered after butt welding. 

Materials for Permanent Magnets. I. Feszczenko-Czopiwski, 
T. Malkiewicz and C. Stoch. (Prace Badaweze Huty Baildon, 
1938, No. 3, Feb., pp. 51-67). (In Polish). The authors discuss a 
classification of materials from the standpoint of their magnetic 
properties. The properties of permanent-magnet steels, in par- 
ticular those containing about 25% of nickel with 9-6-17-5% of 
aluminium, are considered at length, reference being made to the 
effect upon their magnetic properties of heat treatment (and 
grain size). Tabular data and graphs of magnetic characteristics 
are given. 

Magnetic Measuring Methods and Testing Equipment ‘for Per- 
manent-Magnet Materials. H. Neumann. (Archiv fiir das Eisen- 
hiittenwesen, 1938, vol. 11, Apr., pp. 483-496). The author discusses 
the magnetic properties commonly determined in testing material 
for permanent magnets and sources of error inherent in both the test- 
piece and the particular testing machine being employed. Testing 
equipment should be capable of handling all the commonly occurring 
shapes and sizes of test-piece, should possess a high field strength 
for the determination of the limiting values for the remanence and 
coercive force, and should be both rapid and accurate in use. Various 
modern types of testing equipment are described. 

Contributions to the Data on Theoretical Metallurgy. VIII. 
The Thermodynamic Properties of Metal Carbides and Nitrides. 
K. K. Kelley. (United States Bureau of Mines, 1937, Bulletin 407). 
The author presents comprehensive thermodynamic data with 
respect to a large range of metallic carbides and nitrides, including 
those of iron, and discusses the application of thermodynamic data 


to problems concerning the carburisation of iron by methane, the. 


partition of carbon between manganese and iron in the y range and 
to problems connected with other branches of metallurgy. 
Apparatus used at the Usines Saint-Jacques de Montlugon for 
Testing Steel at Elevated Temperatures. G. Ranque. (Revue de 
Métallurgie, Mémoires, 1938, vol. 35, Mar., pp. 89-103). An account 
is given of the equipment for the mechanical testing of steel at 
elevated temperatures employed at the Montlucon laboratories of 
the Forges de Chatillon, Commentry et Neuves-Maisons. Much of 
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this equipment is of special design, and constructional details are 
presented at some length. 

Stress-Rupture Test for Heated Metal. A. E. White, C. L. Clark 
and W. G. Hildorf. (Western Metal Congress: Metal Progress, 
1938, vol. 33, Mar., pp. 266-268, 298). The authors advance a 
test alternative to creep tests for appraising the relative excellence 
of steels for high-temperature service. It consists in making a series 
of tension specimens which are maintained at a specified temperature 
in tube furnaces and subjected to loads so adjusted that fracture 
occurs in a few minutes or several thousand hours. The test differs 
from creep tests since the specimens are actually fractured and the 
rates of deformation are not necessarily determined; the stresses 
employed are, consequently, greater than those employed in creep 
tests. The results obtained show that, plotted logarithmically, the 
times for fracture yield a straight-line relationship to the imposed 
stress. This method of testing may also be employed to determine 
the permissible degree of overheating for a particular steel under a 
given stress; the influence of time, temperature and stress on the 
ductility of the specimen in any given atmosphere or medium may 
also be determined. Data are in graphical and tabular form. 

Behaviour of Steel at Elevated Temperatures. A.Pomp. (Stahl 
und Eisen, 1938, vol. 58, Apr. 21, pp. 432-435; Apr. 28, pp. 459-461). 
The author presents a review of the literature dealing with the 
mechanical properties of steels at elevated temperatures and with 
apparatus for investigating such mechanical properties. 

Flanged Pipe Joints for High Pressures and Temperatures. 
R. W. Bailey. (Engineering, 1937, vol. 144, Oct. 1, pp. 364-365: 
Oct. 15, pp. 419-421; Oct. 29, pp. 490-492; Nov. 12, pp. 538- 
539; Dec. 3, pp. 615-617; Dec. 17, pp. 674-676). The author 
considers the behaviour of flanged pipe joints operating at high 
temperatures. In the first part of the article the elastic behaviour 
of the material is studied; in the second part the author deals with 
creep behaviour and the application of the results of a general 
analysis to practice. 

Steels and their Utilisation for High Steam Pressures and Temper- 
atures. R. W. Bailey. (Institute of Marine Engineers, Apr. 12, 
1938). The position and capabilities of carbon steels for use in 
equipment operating at high steam pressures and temperatures are 
discussed and it is suggested that they may be sufficient to meet 
most of the requirements of immediate development. The effect 
of temperature on the structure and behaviour of carbon steels in 
service, the use of molybdenum steel for high temperatures and its 
failure by intercrystalline cracking, the influence of mode of failure 
on permissible deformation and a comparison of the behaviours of 
welded carbon and highly creep-resistant steels are dealt with, 
together with the use of molybdenum and chromium-molybdenum 
steels and the effect of an alloy element in conferring advantageous 
properties over a range of temperature. The important influence 
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of the physical properties of steels at atmospheric temperature 
upon their selection for high temperature service and problems of 
scaling and oxidation are considered. Finally the design of pipes 
and tubes to withstand creep conditions, pipes joined by welding, 
flanged joints, and parts subjected to bending and centrifugal 
stresses are discussed. 

Cracking of Rolled Carbon Steel Exposed to Cold. I. V. Kudrav- 
tsev. (Metal Industry Herald, Russia, 1937, vol. 17, No. 3, Feb., 
pp. 88-110). (In Russian). The author presents tabular data 
regarding the increased incidence of cracked rails in Siberia during 
winter. Toffe’s theory of the brittleness of metals is discussed, and 
the results of an investigation carried out on six H girders which 
cracked when exposed to 35° of frost are examined; the steel 
was shown to contain excessive amounts of sulphur, phosphorus and 
nitrogen. Certain specimens were found to exhibit high internal 
stress and the impact value was sometimes abnormally low. The 
author concludes that material of this type (obtained from the 
Kertch Metallurgical Works) is unsuitable for applications involving 
dynamic loading below 0° C. 

The Solubility of Hydrogen in Iron-Manganese Alloys. W. Bauk- 
loh and R. Miiller. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, 
Apr., pp. 509-514). The values found for the solubility of hydrogen 
in metals depend strongly on the form of the specimen used; 
this is to be attributed to adsorption phenomena at the surface of 
the specimen. The addition of 0-2% of manganese to electrolytic 
iron considerably depresses the hydrogen solubility, but with man- 
ganese above 0-2% the capacity of the alloy to dissolve hydrogen 
rises again. Alloys containing between 7 and 34% of manganese 
behave abnormally at temperatures above 750°C. At 6-7% of 
manganese the capacity of the alloy for dissolving hydrogen is at a 
maximum ; further additions of manganese provoke a strong decrease 
in the hydrogen solubility, which, however, with still further 
additions then gradually increases again. With manganese contents 
of 19-6 and 23-7% a decrease in the power of absorbing hydrogen 
occurs at 700° C. and 500° C. respectively. The hydrogen solubility 
of the iron-manganese alloys is discussed from the standpoint of the 
lattice characteristics of the alloys. In alloys with manganese con- 
tents of from 7-2 to 34% the decrease in the hydrogen-absorbing 
powers at the higher temperatures referred to above is due to the 
appearance of the ¢-phase. 

Nitrogen Added from Titanium Cyano-Nitride to the Chromium 
Irons. G. F. Comstock. (Metal Progress, 1938, vol. 33, Mar., pp. 
269-274). The author describes the use of titanium cyano-nitride 
for refining the grain of high-chromium steels. The grain-refining 
agent is actually the nitrogen, which, in concentrations equivalent 
to about 1-0% of that of the chromium, confers improved physical 
and mechanical properties on low-carbon ferritic chromium irons 
and steels and does not impair the resistance of the materials to 
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oxidation. The titanium cyano-nitride contains about 80% of 
titanium, 3% of carbon and 7% of nitrogen together with 2° of iron 
and 0-3% of silicon. It is said to be a more potent grain-refining 
medium than high-nitrogen ferro-chromium. The results of extensive 
tests on various high-chromium irons are described and methods of 
adding the titanium cyano-nitride are referred to. It is noted that 
zirconium cyano-nitride possesses grain-refining properties resembling 
those of the titanium compound. 

Combined Carbon—A Controlling Factor in the Quality of Basic 
Pig Iron. R. H. Sweetser. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 895; Metals 
Technology, 1938, vol. 5, Apr., No. 3). The author refers to the 
necessary differentiation between the chemical analysis and the 
“ quality ” of pigiron. It is pointed out that basic pig irons may be 
of such a quality that high-grade steel cannot be produced from 
them, but that this cannot be attributed to the silicon, sulphur, phos- 
phorus and manganese contents, since these are known and specified 
and are usually kept within the desirable limits. ‘The author demon- 
strates that the combined carbon content is probably the controlling 
factor. The results of experiments carried out on blast-furnaces pro- 
ducing basic pig and operated to yield irons containing various 
amounts of combined carbon are described, data being presented 
in graphical and tabular form. 

Influence of Corrosion on the Mechanical Properties of Cast Iron. 
E. Piwowarsky. (Zeitschrift des Vereines deutscher Ingenieure, 
1938, vol. 82, Mar. 26, pp. 370-372). Investigations of the influence 
of corrosion on the mechanical properties of cast iron show that the 
deflection and impact values are least affected but that the tensile and 
bend values are influenced to a somewhat greater extent. In 
practice the mechanical properties of cast iron, say, in the form of 
pipes exposed to corroding media, are not appreciably affected ; 
in fact some slight amelioration may take place. Corrosion, 
particularly if bilateral, is detrimental to the fatigue properties of the 
material. The structure of cast iron favours its resistance to most 
corroding media normally met with in practice. Tabular data are 
presented. 

Cast Iron in Engineering Construction. J. L. Francis. (Iron 
and Steel Industry, 1938, vol. 11, Mar., pp. 207-212, 223). The 
author considers the microstructure and metallography of cast iron 
and discusses the effect upon its mechanical properties of the 
various constituents present in ordinary cast iron. Tensile strength 
is considered in relation to hypo- and hyper-eutectic irons, to the 
basis iron, to the cooling speed and to the sectional thickness. 
Problems in connection with the assessing of results obtained from 
cast-on test bars are also dealt with. 

Corrosion-Resisting Cast Iron—Its Production and Use. F. 
Hudson. (Institute of British Foundrymen: Foundry Trade 
Journal, 1938, vol. 58, Mar. 24, pp. 253-254; Mar. 31, pp. 277-280, 
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282). The author presents a comprehensive account of the chemical 
and physical properties and methods of production of high-silicon 
and corrosion-resisting austenitic cast irons. High-chromium cast 
iron is similarly dealt with. Typical applications of these alloys 
are discussed and data are presented in tabular and graphical form. 

On Certain Mechanical Properties of Work-Hardened and An- 
nealed Iron. W. Broniewski and W. Robowski. (Annales de 
l’Académie des Sciences Techniques & Varsovie, 1937, vol. 4, pp. 
255-259). The authors present a study of the hardness, tensile 
strength and reduction of area of Armco iron as functions of work- 
hardening (reduction up to 98%) with annealing at 200°, 400°, 500°, 
600°, 700° and 800°C. Annealing at 200° C. increases the hardness and 
tensile strength of work-hardened Armco iron, whilst with annealing 
temperatures above 400°C. the reduction of area increases pro- 
gressively although the effects of work-hardening do not disappear 
entirely until the specimen is annealed above 800°C. The impact 
strength decreases rapidly with cold reductions up to about 12% but 
increases with higher degrees of reduction. 

Influence of Quenching and Tempering Temperatures on the 
Mechanical Properties of Steel. I. I. Bornatzkii. (Metallurgist, 
Russia, 1937, vol. 12, No. 5, pp. 44-50). (In Russian). The 
critical points, and the mechanical properties after overheating 
before quenching and after tempering at various temperatures, were 
determined for the following steels: U-4 (carbon 0:-49%, man- 
ganese 0-62%); U-7 (carbon 0-74%, manganese 0-28%); U-8 
(carbon 0-78%, manganese 0-25%); H-10 (carbon 0-40%, chromium 
151%, nickel 3-76%); 5-KhVS (carbon 0-53%, chromium 1-20%, 
tungsten 2-28%). In the case of the first three steels cited, over- 
heating to 1050-1100° C. does not impair the mechanical properties ; 
even the impact value is unaffected. ‘The mechanical properties of the 
last-mentioned steel are appreciably affected even by overheating to 
950° C. Tempering above 900° C. decreases the impact strength and 
yield point of steel U-4, and the impact strength of H-10. It appears 
that overheating prior to quenching is not likely seriously to injure 
the mechanical properties of steels of the types examined if they 
are afterwards subjected to a high-temperature tempering treatment. 

Vanadium in Steel. I. Feszezenko-Czopiwski and A. Kalirfiski. 
(Prace Badaweze Huty Baildon, 1938, No. 3, Feb., pp. 31-42). (In 
Polish). The authors present an account of the main sources of 
vanadium, the production of vanadium metal and ferro-vanadium, 
and the chemistry of vanadium (with particular reference to non- 
metals such as nitrogen and phosphorus and to metalloids). The 
main purpose of the article is to discuss the effects of vanadium on 
the physical, chemical and mechanical properties of steel and to 
consider the use of vanadium in a number of proprietary and 
standard alloy steels the properties of which are examined in some 
detail with special reference to heat treatment and grain size. 
Tabular and graphical data are presented. 
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Progress of Corrosion-Resisting Steel in America. EK. Améen. 
(Jernkontorets Annaler, 1938, vol. 122, No. 1, pp. 21-48). (In 
Swedish). The author presents an account of the present status of 
stainless steels in America. The development of the industry is 
illustrated by comprehensive production statistics ; detailed tabular 
data are given respecting the analysis of various types of corrosion- 
resisting steel, the significance of the analyses being discussed. 
Melting and casting practice, hot- and cold-rolling technique and 
equipment for sheet and strip, and representative structural applica- 
tions are dealt with in some detail. Some comparisons are drawn 
between the mechanical properties of stainless (18/8) steel and other 
competitive materials for high-grade structural work. 

Heat Resisting Alloy Castings. H. Dixon. (American Society 
for Metals, Jan. 17, 1938: Industrial Heating, 1938, vol. 5, Mar., 
pp. 224-228, 234). The author presents a review of the discussion 
on heat-resisting castings held by the Cleveland Chapter of the 
American Society for Metals at the Case School of Applied Science. 
The history, fundamental physical, chemical and structural char- 
acteristics and the compositions of suitable alloys were discussed, and 
problems of the design of equipment cast in such alloys and the 
service life of equipment were also dealt with. Data in tabular and 
graphical form are presented. 

Pumps and Conduit for Corrosive Liquids. F.R. Lorenz. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1938, vol. 82, Mar. 26, 
pp. 379-381). The author discusses the influence of the mechanical 
and physical properties of corrosion-resisting materials on the 
design of pumps, valves, conduit and other equipment for handling 
corrosive fluids. Among the materials referred to is high-silicon 
cast iron, which can be worked only by grinding. 

Investigation of Chromium-Nickel Austenitic-Martensitic Steels. 
Y. B. Fridman. (Metallurgist, Russia, 1937, vol. 12, No. 5, May, 
pp. 63-75). (In Russian). The author discusses an investigation of 
the group of steels intermediate between the high-alloy austenitic 
type and the lower-alloy martensitic type; in particular a steel 
containing 0-35% of carbon, 13-3 of chromium, 8% of nickel and 
2-8% of silicon is considered. Quenching from 1100° C. produces an 
entirely austenitic structure, while annealing at 700-900° C. causes the 
breakdown of the solid solution of chromium carbides in the austenite 
which becomes unstable. By suitable treatment, therefore, a 
mixed martensite-austenite structure is obtained since the pure 
austenite decomposes in the temperature interval 140-120° C.; this 
structure is associated with a high degree of hardness. In this class 
of steels no austenite —> martensite transformation occurs above 
0° C. unless the carbides have been removed from solid solution by 
annealing, and there are no intermediate products such as sorbite or 
troostite. The increase in hardness due to the separation of carbides 
is particularly important when the steel is to be employed at high 
temperatures. 
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Steels Low in Alloy Constituents of which Adequate Domestic 
Supplies do not Exist, Stainless Steels, and Acid-Resisting Steels. 
W. Tofaute. (ADB, Dec. 16, 1937: Technische Mitteilungen 
Krupp, 1938, vol. 6, Apr., pp. 17-24). The mechanical properties, 
workability and corrosion resistance of chromium-manganese steels, 
chromium and chromium-molybdenum steels, and of clad metals, 
after subjection to refining or annealing treatments and after being 
welded in various ways are discussed. If good mechanical properties 
are required in chromium-manganese steels with manganese from 
8 to 12% the chromium should not exceed 15%, hence the corrosion 
resistance of these alloys is not high; they are suitable for dairy and 
brewery utensils, in which connections they may be used as substi- 
tutes for 18/8 steel. The 18% chromium and chromium-molybdenum 
steels, free from nickel, with low carbon contents and containing 
additions of titanium, tantalum or niobium, are of general applica- 
bility. The good mechanical properties of clad metals coupled with 
their favourable technological and corrosion-resisting properties are 
noted. 

Contribution to Self-Sufficiency : The Production of Special 
Steels in Italy. R.B. Dupuis. (Metallurgia Italiana, 1938, vol. 30, 
Feb., pp. 57-62). (In Italian). The author discusses the im- 
portance of developing the domestic production of special steels and 
of the basic materials from which they are made in Italy’s plan for 
self-sufficiency. Types of special steels are enumerated and their 
typical applications noted. 

The Progress of the New Structural Materials Seen at the Leipzig 
Fair, 1988. W. Geisler. (Metallwirtschaft, 1938, vol. 17, Apr. 1, 
pp. 355-360). Reference is made to a crankcase fabricated by 
welding from steel sheet 0-87 mm. in thickness which possessed a 
weight similar to that of a crankcase of the same design in a cast 
magnesium alloy but which yielded superior mechanical pro- 
perties. Stamping dies hard-faced with chromium, cast-iron com- 
ponents completely covered with a hardened coating of bakelite and 
perfectly resistant to most chemical reagents, and internally and 
externally clad steel tubes of round and oval section are also 
referred to. 

Failures in Aero-Engine Components Due to the Structure of the 
Material. S. M. Vinarov. (Metal Industry Herald, Russia, 1937, 
vol. 17, No. 2, Jan., pp. 56-64; No. 3, Feb., pp. 23-29). (In 
Russian). The author discusses the results of investigations on a 
number of failures in aero-engine components—largely connecting 
rods—in a steel containing 0-7-1:0% of chromium, 1-5-3-3% of 
nickel, 0-3-0-5% of manganese and 0-1-0-27% of carbon. The 
structure found was commonly duplex, consisting of parallel bands 
of martensite and ferrite, and to this fact failure is largely attributed. 
Under conditions of alternating stress the strength of the material 
depends not on its mean limit of elasticity but on the elastic limit of 

the weakest component, that is, of the ferrite. 








ao © Dre ©, 


a ee ee ee ee ee a ee 


ae ben ah ok 





PROPERTIES AND TESTS. 43 A 


Cast Materials for Crankshafts. W. West. (Institution of 
Mechanical Engineers, Feb. 27, 1938). The author discusses briefly 
the compositions and mechanical properties of cast irons for crank- 
shafts and then examines the results of an investigation of the 
mechanical properties of twenty-six cast irons of the following 
types: Nickel; molybdenum; molybdenum-chromium; molyb- 
denum-copper; molybdenum-nickel; chromium-copper, and 
nickel-chromium-molybdenum-copper. A full account is given of 
the preparation of the specimens for testing and of the technique 
employed for carrying out the tests, the results of which are given in 
tabular form. Tests were next carried out with cast-iron crankshafts 
in petrol engines and compression-ignition oil engines; the success 
obtained in the first type of engine was not realised in the second, 
where cast-iron crankshafts failed exceedingly rapidly. The reasons 
for failure in this latter case are critically discussed and analysed and 
certain remedies are suggested. 

Development and Uses of Tool Steels. O. K. Parmiter. (In- 
dustrial Heating, 1937, vol. 4, Oct., pp. 855-857 ; 1938, vol. 5, Mar., 
pp. 203-206). The author describes the evolution of modern high- 
speed steels and tabulates the composition, general characteristics 
and applications of certain sintered hard metals and alloys related 
to stellite. High-carbon high-chromium steels are discussed, their 
applications noted and typical compositions and heat treatments 
tabulated. Under the heading of hot-work steels the applications, 
composition and heat treatments of a number of steels specially 
designed for hot-working operations are detailed. In the second 
part of the article the compositions and uses of high-speed steels, 
steels adapted for the manufacture of cutting tools designed for 
producing unusually smooth finishes (“‘ fast-finishing steels ’’), non- 
deforming oil-hardening steels for dies, alloy punch and chisel steels 
and magnet steels are dealt with. 

Tool and Alloy Steel Inspection. R.Schempp and C. L. Shapiro. 
(Iron Age, 1938, vol. 141, Mar. 17, pp. 22-26). The authors discuss 
the organisation of a system of inspecting tool and alloy steels at a 
steel plant. Micro- and macro-structures, McQuaid-Ehn grain-size 
tests, hardened-fracture tests, Shepherd P/F test (to determine the 
inherent hardening characteristics of a heat), hardenability, taper and 
stepdown tests and the magnetic testing of steels are considered. 

The Use of Haystellite for Drills. (Soudeur-Coupeur, 1938, vol. 
17, Mar., pp. 13-16). The use of haystellite—tungsten carbide fused 
in an electric furnace—for the cutting medium on core drills made of 
“trimasic ’ high-duty steel, to which it is fixed by welding, is 
referred to. 
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New Contributions to the Knowledge of the Photographic Print 
Method in Metallography. H. Dienbauer and R. Mitsche. (Berg- 
und Hiittenminnische Monatshefte, 1938, vol. 86, Mar., pp. 33-35). 
The application of bromide paper in the unfixed condition for the 
simultaneous detection of iron oxide and sulphide inclusions in steel is 
discussed. An investigation of the behaviour of segregates in steels 
and mottled cast-iron demonstrated that in prints taken by the Niess- 
ner method (in which additions of sodium chloride are always used), 
segregates and structural differences may be revealed, and that, 
furthermore, iron phosphide inclusions above a certain minimum size 
may be determined in addition to sulphide and oxide inclusions. An 
examination of puddled iron indicated the need not only for observa- 
tion of the prints with the unaided eye, but also at low magnifica- 
tions. 

Some Applications of Micro-Analysis in the Testing of Metals and 
Alloys. A. Leroy. (Revue de Métallurgie, Mémoires, 1938, vol. 35, 
Mar., pp. 104-115). The immediate purpose of the author’s in- 
vestigations on the utilisation of the micro-analytical technique in the 
study of metals and alloys was in connection with the study of the 
chemical heterogeneity in welds; this is caused by volatilisation, 
oxidation and segregation, which all occur during the welding pro- 
cess. It is shown that the technique evolved is sufficient for the 
determination by micro-analytical methods of the constituents 
normally found in plain and special steels—carbon, silicon, sulphur, 
nickel and copper. Volumetric, colorimetric, micro-electrolytic and 
polarographic methods are employed. It is suggested that the same 
technique might be used in the investigation of corrosion phenomena. 

The Capacity for Detecting Defects in Non-Destructive Magnetic 
Testing. H. Hansel. (Archiv fiir das Eisenhiittenwesen, 1938, 
vol. 11, Apr., pp. 497-502). The ability of magnetic testing methods 
to reveal defects in a test-piece depends to a large extent on the type, 
formation and position of the defect. A number of experiments are 
described which show the high sensitivity of magnetic methods to 
surface defects and their relatively low penetrative power; in- 
sufficient experience with magnetic testing methods may readily lead 
to misinterpretation of results. It is especially difficult to decide 
upon the practical significance of defects detected magnetically. 

Magnetic Method for Investigating the Structure of Hardened 
Chromium-Molybdenum Steel. N. I. Eremin. (Metal Industry 
Herald, Russia, 1937, vol. 17, Jan., No. 1, pp. 103-113; No. 2, Jan., 
pp. 104-108). (In Russian). The author has developed a new 
magnetic method for investigating the structure of steel in relation 
to the hardening temperature. Experiments were carried out on 
tubes of a steel containing 0-23% of carbon, 0-93% of chromium and 
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0-21% of molybdenum. Two sets of measurements are described. 
In one the characteristics of the current induced in two coils, one 
containing a sample of the steel to be examined and the other a 
standard consisting of a sample of the same steel in the annealed 
state, connected in opposition and energised by the same alternating 
current, were determined as a function of time by means of an oscillo- 
graph and analysed by means of a harmonic analyser. The second 
measurements were obtained by a ballistic method, the growth and 
decline of an electromotive force induced in a coil containing a core 
of the steel to be tested being determined. The oscillograph curves 
are characteristic of the difference between the hysteresis loops of the 
sample and the standard. The amplitudes and phases of the different 
harmonics are related to the shape of the loops, the coercivity and 
other allied properties. These characteristics are very sensitive to 
structural changes, particularly when martensitic structures are 
involved. The amplitude of the third harmonic, which depends on 
the difference between the maximum inductions, increases strongly 
when the quenching temperature is raised from 760° to 850°C., and is 
thus closely related to the quantity of martensite in the sample. The 
construction of apparatus for automatic structural analysis by this 
method is projected. 

X-Ray Interpretations in the Electric Welding of Steel. J. E. 
de Graaf. (Welding Industry, 1938, vol. 6, Mar., pp. 41-45; Apr., 
pp. 93-96). The author reviews systematically the defects which 
may be found in electrically welded steel parts by means of X-ray 
examination. Incorrect welding technique, gas pores and slag inclu- 
sions of various types are considered. 

Contribution on the Study of Spiegels from the Micrographic and 
Thermomagnetic Standpoints and Causes of the Heavy Production 
of Graphite in Spiegel. J. Seigle. (Revue de |’Industrie Minérale, 
Mémoires, 1938, Apr. 1, pp. 143-152; Apr.15, pp. 176-182). The 
author presents a study of spiegeleisen and discusses the results of 
his investigations under the following heads: The manganese and 
carbon contents of spiegeleisen; the microstructure of spiegels 
compared with that of hypereutectic white iron; the reflecting 
facets in spiegeleisen; spiegeleisen poured into water; micrographic 
study of the isolated lamellae found in shrinkage cavities in spiegel ; 
structural modifications produced by remelting ; copious production 
of free lamellar graphite by the remelting and very slow cooling 
of spiegel (after Osann); the author’s personal views on the subject 
of the occurrence of free graphite—often in large quantities—in 
cavities in spiegel; conditions of graphite formation; and magnetic 
and thermomagnetic tests on various spiegeleisens. 

The Effect of Hot Plastic Working on the Primary Austenitic 
Grain Size of Carbon Steel. I. Feszczenko-Czopiwski and A. Szcze- 
panski. (Prace Badaweze Huty Baildon, 1938, No. 3, Feb., pp. 
16-31). (In Polish). The authors review the results of previous 
investigations and then describe experiments carried out on ingots of 
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open-hearth steel containing 0-399, of carbon, 0-56% of man- 
ganese, 0-31% of silicon, 0-023% of phosphorus, 0-027% of sulphur, 
0-05% of chromium and 0-14% of nickel. These were employed in 
the coarse- and fine-grained forms and were subjected to various 
degrees of hot-working the primary austenitic grain size being 
determined by the McQuaid-Ehn test. The effects of temperature 
and deformation are discussed, results being presented in graphical 
and tabular form and illustrated by a series of photomicrographs. 

The Grain Size and Conditions of Solidification of Steel. T. 
Kuczynski and J. Glatman. (Prace Badawceze Huty Baildon, 1938, 
No. 3, Feb., pp. 1-15). (In Polish). The authors discuss in detail 
the relationship between the grain size of steel and the melting 
procedure. Experiments are described which were carried out on a 
0-41% carbon steel cast under a variety of conditions; the grain 
sizes obtained are considered in the light of melting and casting pro- 
cedures. Graphical and tabular data are presented and the work of 
other investigators is reviewed. 

Twins in Metals. P. A. Brantsev. (Metal Industry Herald, 
Russia, 1937, vol. 17, No. 3, Feb., pp. 59-65). (In Russian). 
Twins are only observed in metals after deformation and recrystal- 
lisation. They occur most readily in face-centred cubic lattices. 
Cobalt, nickel, copper and the austenitic steels are prone to exhibit 
twinning. The presence of the 8-phase in brass does not inhibit the 
twinning of the «-phase. Jn the case of twinned copper subjected to 
pressure the author shows by measurement of the angles formed by 
the twinning planes with the slip planes that both planes lie in the 
(111) plane. Octahedral planes in face-centred cubic lattices are 
densely-packed planes which do not constitute planes of symmeti 
and are therefore available for twinning. No such planes exist in 
body-centred lattices, the most densely packed planes being the 
(100) and (110) which are also planes of symmetry. 

Conditions under which Flakes arise in Steel. E. A. Klausting. 
(Metallurgist, Russia, 1937, vol. 12, No. 5, May, pp. 21-33). (In 
Russian). The author discusses the origin of flakes in seven special 
steels: H-3 (carbon 0-10-0:16%, chromium 0-55-0-90%, nickel 
2-8-3-4%), EH-10 (carbon 0-33-0-41%, chromium 1-2-1-6%, nickel 
3:0-3-7%), H-18 (carbon 0-2-0-3%, tungsten 0-8-1-2%, chromium 
1-3-1:7% nickel 4-0-4-7%), H-30-KhMA (carbon 0-25-0-35%, 
chromium 0-8-1-:2%, molybdenum 0-15-0-25%), EShKh-15 (carbon 
0-95-1-10%, chromium 1-30-1-65%), HV-2 (carbon 1-10-1-25%, 
tungsten 1-8-2:2% chromium 0-1-0:3%), HKAVG (carbon 0-90- 
1-05% tungsten 1-2-1-6%, chromium 0-9-1:2%). Flaking occurs 
in the presence of a supersaturated solution of hydrogen with the 
simultaneous presence of a martensitic transformation involving the 
formation of tetragonal martensite. The flakes form at room 
temperature after an incubation period of up to 30 hr.; their forma- 
tion may be prevented by slow cooling (20° C. per hr.) in the pearlitic 
transformation range (700-500° C. for steels H-30-KhM A and EV-2, 
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and 700-300° C., or even 200°C., for. H-3 and especially £-18). 
Flaking may also be prevented by an isothermal treatment which 
alloys the pearlitic transformation to proceed to completion (6-16 hr. 
according to the composition of the steel). 

The Transformations on Cooling in Steels. A. Portevin and H. 
Jolivet. (Annales de l’Académie des Sciences Techniques a Varsovie, 
1937, vol. 4 pp. 177-195). After reviewing the results of previous 
investigations on the transformation processes occurring in steel 
during cooling from a high temperature, the authors describe in detail 
the characteristics of each transformation under isothermal conditions 
of a steel containing 0-5°% of carbon, 28% of nickel and 0-8% of 
chromium. This steel exhibits clearly defined transformation zones 
and transformation velocities which render possible the observation 
of the progress of transformation as a function of time. Complete 
details are given as to experimental procedure, the specimens being 
investigated dilatometrically and micrographically. In an appendix 
dilatometric curves for other steels are shown. Data are presented 
in graphical form. 

Constitution of Iron-Chromium-Manganese Alloys. C.O. Burgess 
and W. D. Forgeng. (American Institute of Mining and Metal- 
lurgical Engineers, Technical Publication No. 911; MetalsTechnology, 
1938, vol. 5, Apr., No. 3). The ternary sections of the iron-chromium- 
manganese system developed in the present investigation resemble 
corresponding sections of the iron-chromium-nickel system. This is 
to be expected since manganese, like nickel, promotes the formation 
and stability of austenite in iron-chromium alloys, but is less effective 
in equal amounts, the austenitising effect of manganese being about 
half that of nickel. The addition of 8% of manganese to a 15% 
chromium-iron alloy will yield a ductile alloy consisting of approxi- 
mately equal amounts of ferrite and austenite, but the further 
addition of manganese even up to 50% will not render a low-carbon 
alloy of this or higher chromium content completely austenitic. The 
o phase which can be developed by suitable heat treatment in 
alloys containing sufficient manganese and chromium probably 
bears a close similarity to the B constituent in iron-chromium- 
nickel alloys, and the “‘ FeCr compound ” commonly associated with 
the iron-chromium system. The conditions for the appearance and 
development of the o phase are discussed. Alloys containing 
somewhat less than 20% of chromium and 12% of manganese 
exhibit an « or a y-« structure under normal cooling conditions, 
the quantity of retained austenite (or y) naturally increasing 
with increased amounts of manganese. The alloys considered 
in this investigation contained considerable amounts of silicon 
and carbon and were of commercial quality. 
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Apparatus for the Determination of the Corrosion Resistance of 
Alloys to Hot Liquid Media. H. Thyssen and J. Bourdouxhe. 
(Métaux et Corrosion, 1938, vol. 13, Feb., pp. 37-38). A description 
is given of an apparatus designed by the authors for determining the 
resistance of alloys to hot corrosive media. The apparatus operates 
on a closed cycle and is heated electrically. (See also Journ. I. and 
8.I., 1933, No. I., p. 703). 

On the Corrosion of Steel by Cathodic Polarisation. A. Hilde- 
brand. (Mitteilungen der Kohle- und Eisenforschung G.m.b.H., 
1937, vol. 1, Nov., No. 10, pp. 199-212). It was determined that 
with prolonged cathodic polarisation the corrosion of steel occurring 
with increased current density decreased. . In contrast to the claims 
made by certain investigators, complete protection was not obtained 
at current densities determined by Faraday’s law—from the loss in 
weight occurring in the absence of an applied current—but only at 
higher current densities; this is explained by the influence of local 
couples. In general the same finding applies to the use of an 
interrupted polarising current, but the current required in practice 
to give complete protection can be adjusted more closely to the 
theoretical value by suitable adjustment of its characteristics. The 
conditions most favourable to the obtainment of complete protection 
must be determined, however, by appropriate experiments. 

Surface Condition and Corrosion. A. Portevin. (Métaux et 
Corrosion, 1938, vol. 13, Mar., pp. 43-62). The author presents a 
detailed account of the effect of the surface condition of a metal on 
its reactions to corrosive media and on its resistance to corrosion. 
The topography of metallic surfaces produced by different processes 
is considered, whilst oxidation and passivity, the effect of surface con- 
dition on the corrosion and on the mechanical properties of a metal, 
the influence of corrosion on the behaviour of the metal when sub- 
jected to various types of plastic working, the effect of superficial 
mechanical and chemical treatments, and particularly the effect of cor- 
rosion on fatigue are also dealt with under the appropriate headings. 

The Film Potential Values of Copper, Brass-Steel, Brass-Zinc- 
Steel, in Sea-Water, with a Note on Marine Growths. W. J. Copen- 
hagen. (Electrochemical Society, Apr., 1938, Preprint No. 23). 
The film potential of copper, brass-steel, brass-zinc-steel in running 
water has been determined. Copper and certain copper alloys when 
in contact with mild steel and sea-water do not pass into solution, 
and so, in the absence of chemical attack, marine growths flourish on 
the surface of copper alloys. The equilibrium value of the film 
potential of a muntz-metal-sheathed wooden vessel and sea-water is 
+ 0-008 V. The observations recorded were conducted when the 
mass and surface area of the steel exceeded that of the brass and zinc. 
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Corrosion Phenomena during the Nitrogen-Hardening of Valve 
Steels. T. Malkiewicz and S. Kulinski. (Prace Badaweze Huty 
Baildon, 1938, No. 3, Feb., pp. 43-51). (In Polish). The authors 
present a comprehensive account of the surface attack which may 
occur during the nitrogen-hardening of valve steels; specific refer- 
ence is made to investigations on two steels containing about 13% of 
chromium and 2-34-2-98% of tungsten with 12-24 and 14-84% of 
nickel, 0-49 and 0-96°% of molybdenum, and in one case 0-35% of 
titanium. Full details are given of the heat-treatment and hard- 
ening procedures employed. ‘The specimens were examined 
metallographically. Special attention is paid to the effect of 
oxide inclusions in the steel and to the difference between steel 
with and without titanium. Tabular and graphical data are 
presented. 

Corrosion and its Effect on Mine Pumps. J.J. Gallagher. (East 
of Scotland Mining Students Association : Colliery Guardian, 1938, 
vol. 156, Mar. 25, pp. 527-528). The author discusses the corrosion 
of mine pumps at Foulshiels Colliery. This arose because of the 
acid nature of the water and was associated with abrasion due to 
small material carried in the water stream. Staybrite shafts in 
conjunction with bronze impellers were found to suffer attack at the 
impeller bosses, and whilst giving a longer life than the nickel-steel 
shaft finally adopted were considered too expensive. The shaft 
is protected from unduly heavy corrosion by a bitumen coating. 
Cast-iron pipes were found to withstand corrosion better than 
wrought-iron pipes under the conditions prevailing at the mine. 
Reference is made to an acid-resisting bronze which was found to be 
superior to Monel metal and a number of other alloys when tested 
under very severe conditions. 

Second International Congress on Petroleum (Paris, June, 1937). 
C. Berthelot. (Revue de Métallurgie, Mémoires, 1938, vol. 35, 
Jan., pp. 16-26; Feb., pp. 73-85). In the first part of this article 
the author presents abstracts of papers presented at the Second 
International Congress on Petroleum held in Paris, June, 1937. Fre- 
quent references are made in these papers to metallurgical considera- 
tions involved in petroleum-refining equipment. The second part of 
the article summarises the results of investigations on the corrosion 
of such equipment and deals with its causes and prevention. 

Research on Thin Layers of Tin and Other Metals. IV. Further 
Investigation on Corrosion by Oils. P. J. Haringhuizen and D. A. 
Was. (Proceedings of the Koninklijke Academie von Wetenschap- 
pen te Amsterdam, 1938, vol. 41, pp. 62-67 : Technical Publications 
of the International Tin Research and Development Council, 1938, 
Series A, No. 74). The authors discuss the results of an investigation 
of the corrosion of iron and cadmium by lubricants and compare the 
phenomena observed with those occurring in the case of tin. The 
influence of contaminating agents in the oil is considered and it is 
shown that moisture strongly increases the corrosive properties of 
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the oil. Experiments on the corrosion of tin, iron and copper by 
vegetable oils are also described. 

Sodium Silicates in Water to Prevent Corrosion. W. Stericker. 
(Industrial and Engineering Chemistry, 1938, vol. 30, Mar., pp. 
348-351). In localities where additions of sodium silicates to water 
were employed to prevent the dissolution of lead, it was observed 
that the corrosion of ferrous alloys in contact with the water was 
also reduced. The author discusses the mechanism of the action of 
such silicate additions, the types of silicates to be used under given 
circumstances, the results of tests at Eagles Mere, Pa., where heavy 
iron contamination of water in pipe lines was experienced, and the 
results of similar tests at East Rochester, N.Y. The extent to 
which corrosion was prevented was determined by estimating the 
iron contents of the water at both the localities cited. Silicate 
additions have also been used to prevent the corrosion of industrial 
plant. The protective value of silicates in the case of other non- 
ferrous metals is briefly discussed. 

The Influence of Deformation on the Corrosion of Steel Water 
Pipes. A. Skapski and E. Chyzewski. (Métaux et Corrosion, 1938, 
vol. 13, Feb., pp. 21-34). Static deformation does not influence the 
rate of corrosion of steel water pipes in mildly corrosive media (even 
if these are saturated with oxygen) possessing a pH value comparable 
with that possible with natural waters (> 4). Such deformation does, 
however, accelerate corrosion in more strongly acid media (pH~ 2-0) 
and in strongly corrosive solutions such as those with high concen- 
trations of salts and containing dissolved air. In a suspension of 
humic acids saturated with air deformation does not influence the 
rate of corrosion, but if such a suspension is saturated with pure 
oxygen the rate of corrosion is increased. It is concluded that the 
alleged accelerative effect of deformation on the corrosion of steel 
in mild corrosive agents resulted from the misinterpretation of data 
obtained under special conditions, particularly in strongly corrosive 
media. 

Researches on Cavitation. J. M. Mousson. (Zeitschrift des 
Vereines deutscher Ingenieure, 1938, vol. 82, Apr. 2, pp. 397-400). 
An account is given of investigations on cavitation carried out at the 
Holtwood Power Station of the Pennsylvania Water and Power Co. 
A machine similar to that of Schréter and Walchner was used; 
the modifications introduced are described. A water velocity of 
about 80 m. per sec. at the smallest diameter of the jet was employed 
and under these conditions tests were satisfactorily completed in 
16 hr. Cavitation phenomena become more pronounced with an 
increase in the temperature of the water up to about 50° C., after 
which the rate of attack falls rapidly. It is noted that the rate of 
attack is greater in summer than in winter and the need for pre- 
cautions to be taken in the choice of materials for pumps, turbines or 
ships’ screws operating in tropical or sub-tropical climates is em- 
phasised. The effect of increasing the air content of water to in- 
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hibit cavitation phenomena is discussed at length. Among the 
metals examined were plain and alloy cast irons, high- and low- 
alloy forged and rolled steels, and small plates fabricated by gas or 
electric welding or sprayed with metal. The specimens were 
examined metallographically and their chemical composition, 
mechanical properties and previous history determined. The 
relationship between the structure and other properties and the ten- 
dency to cavitation was determined. The cavitation phenomena in 
plain and alloy cast irons are more pronounced than in steels. An 
increase in the chromium content of cast iron increases its resistance 
to cavitation, whilst sulphur and phosphorus and non-metallic 
inclusions decrease the resistance to cavitation. The effect of nickel 
additions to 14% chromium stainless steels is examined together 
with that of vanadium and molybdenum. Rolled and forged test- 
pieces showed increased resistance, but both rolling and forging may 
be detrimental at times, particularly with coarse-grained specimens. 
Electrically-welded specimens exhibited a higher resistance to 
cavitation than gas-welded test-pieces. Plates built up by spraying 
showed a uniformly high rate of attack. 

Life of Galvanised Coatings Exposed to Corrosive Influences. 
K. Daeves, W. Piingel and W. Radeker. (Stahl und Eisen, 1938, 
vol. 58, Apr. 14, pp. 410-413). The rate of corrosion of zinc in rural 
atmospheres is approximately 7-10 g. per sq. m. per year, whilst in 
mild industrial atmospheres it is about 40 g. per sq. m. per year. 
These figures correspond to 0-001 and 0-005 mm. per year. Common 
steels under the same conditions corrode at the rates of 0-013 to 
0:02 and 0-06 to 0-08 mm. per year respectively, that is, about fifteen 
times as fast as zinc. Household utensils are attacked strongly on 
the inside of the bottom, the corrosion rate being about 60 g. per sq. 
m. per year, or 0-008 mm. per year. Very careful handling will 
reduce this figure to 10 g. per sq. m. per year (0-001 mm. per year). 
The inner walls are slightly attacked whilst the outer walls are 
practically unaffected. At the moment the best protective medium 
for non-alloy steels appears to be a galvanised coating with a suitable 
paint applied to it. 

Experiments on Pipe Coatings. C. Fitzgerald and M. G. Johnson. 
(Industrial and Engineering Chemistry, 1938, vol. 30, Mar., pp. 
294-296). The authors discuss the results of field tests in regard to 
the provision of buried pipes with corrosion-resisting coatings. The 
coatings tested included celluloid (Pyralin) and pure rubber, this 
latter being still in the experimental stage. Some account is given 
of methods of applying the coatings and of their chemical and 
physical properties. 
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“ Gefiigebilder von Stahl und Roheisen.” Zusammengestellt und 


herausgegeben vom Forschungsinstitut Dortmund der Kohle- 
und Eisenforschung (Forschungsgesellschaft der Vereinigte 
Stahlwerke A.G.) La. 8vo. pp. 13. Illustrated. Dort- 
mund, 1937. 

A selection of fifty-two photomicrographs from the files of the 
Research Department of the Vereinigte Stahlwerke A.G. is presented to 
illustrate typical structures in various types of steel and iron under 
different conditions as to heat treatment or freezing after casting. The 


photomicrographs are reproduced extremely well on art paper, and the 
notable features of each are described briefly but adequately. 


Hopkin AND WiiuiaMs, Lrp.: “ Organic Reagents for Metals and 


for Certain Acid Radicals.” 3rd Edition. 8vo. pp. 156. 
London, 1938: Hopkin and Williams, Ltd. 


The third edition of this invaluable reference book compiled by the 
research staff of Messrs. Hopkin and Williams needs no introduction to 
those who are acquainted with the earlier editions. Organic reagents 
are rapidly assuming a more and more prominent place in metallurgical 
analysis; their use makes for both rapid and accurate work, and is of 
particular significance in view of the increasing number of highly 
complex alloys which are finding specialised industrial applications and 
the compositions of which need extremely stringent control. The 
specific nature and extreme sensitivity of these reagents are also 
admirably suited to the detection and estimation of traces of the 
so-called metallic impurities in other metals and alloys, the properties of 
which may be profoundly affected both by the presence of such im- 
purities and by variations in their normal concentrations. Fifteen new 
monographs have been added to the present edition, and some original 
comparative work has been contributed on certain azo dyes as colori- 
metric reagents for magnesium and on phenol reagents for the nitrate 
radical. The title of the book has been extended to cover the inclusion 
of reagents for acid radicals—namely, alizarin S for fluoride, quinalizarin 
for borate and certain reagents for nitrate. Reference must be made to 
the excellent bibliographies which conclude each monograph. 


“ Physics in Industry. Magnetism.’ Lectures delivered before the 


Manchester and District Branch of the Institute of Physics on 
Ist and 2nd July, 1937. 8vo. pp. vii. + 102. Illustrated. 
London, 1938: The Institute of Physics. (Price 4s. 6d.) 


The Conference on ‘‘ Magnetism ’’ at which the six papers comprising 
this book were presented, was held in the University of Manchester on 
July Ist and 2nd, 1937. It is pointed out by Professor Bragg in his 
foreword that at this particular conference the scheme adopted differed 
from that followed at previous conferences held at the University. 
Whilst as before the primary object, the bringing into close contact of 
scientific workers in industry and at the University, was held firmly in 
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view, the opportunity was taken of inviting industrial scientists to 
submit a survey of the progress they had achieved and of the problems 
with which they were faced to University workers. In the lectures 
recorded in this volume, therefore, both the theoretical and applied 
aspects of the physics of magnetism will be found discussed. The first 
sixteen pages are devoted to a consideration of magnetism and the 
electron theory of metals, by N. F. Mott. In the second lecture, by 
G. C. Richer, an account is given of the fundamental physical factors 
which govern the magnetic performance of commercial electrical sheet 
material, special reference being made to transformer sheet steel. 
C. Dannatt examines the influence of the properties of available mag- 
netic materials on engineering design, while E. G. Stoner contributes a 
discussion on the magnetisation curves of ferromagnetic materials. 
Concluding papers by D. A. Oliver and A. J. Bradley, in collaboration 
with A. Taylor, deal respectively with permanent magnets and X-ray 
studies on permanent magnets of iron-nickel-aluminium alloys. 


Sauveur, A.: “ Métallographie et Traitements Thermiques du Fer 
etdel’Acier.” Traduit d’aprés la quatriéme édition (1935) par 
H. Aubert et P. Damiron. pp. xvii + 593. Illustrated. 
Paris, 1937: Librairie-Imprimerie Gauthier- Villars. 


Sauveur’s treatise on the metallography of iron and steel made its 
first appearance some twenty-five years ago; the fourth edition was 
published as recently as 1935. The present work is a translation into 
French of this last edition. An appreciation of Sauveur’s work and of 
the work of the translators is recorded by Portevin in the preface of the 
present publication, and adequately expresses the service rendered to 
the science of metallography by Sauveur himself and by Aubert and 
Damiron in making this invaluable work accessible to non-English- 
speaking readers in a form which preserves so exactly the spirit of the 
original. No pains have been spared in the production of this volume 
to make it in every way comparable in excellence to the translation. 


Stovcuton, B., and A. B. Burrs. ‘‘ Engineering Metallurgy. A 
Textbook for Users of Metals.” 3rd Edition, 8vo. pp. 
ix + 525. Illustrated. New York and London, 1938. 
McGraw-Hill Publishing Company, Ltd. (Price 24s.) 


The earlier editions of this book, which appeared in 1926 and 1930 
respectively, were remarkable for the wide field covered, and, despite 
its title, the work was concerned with metallurgy in general rather than 
with those aspects of particular interest to engineers. Before revising 
the text for the new edition, the authors sought the opinion of users of 
the book as to what sections should be expanded, what new subjects 
should be introduced and what should be omitted or condensed to make 
room for new material. As would be expected, the advice received 
recommended expansion of the matter on the relations between com- 
position, treatment, properties and uses at the expense of that dealing 
with the processes of ore dressing, extraction and refining. In response 
to this, the authors have strengthened the engineering aspects at the 
expense of the others. Two chapters, dealing respectively with slags 
and fluxes, and refractories and industrial furnaces, have been omitted, 
and in their place a new chapter on the application of metals in engineer- 
ing service and three appendices on §.A.E. steel specifications, terms 
used in connection with heat treatment, and definitions of constituents 
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in the iron-carbon system have been added. The material from the 
omitted chapters has, however, been condensed and included elsewhere. 
In addition to the new chapter, many new sections have been added, 
others have been expanded in order to keep up with developments in 
knowledge and practice, and the technical data and statistics have been 
brought up to date. The extent to which the book has kept up with 
recent changes is indicated by the fact that attention is given to flash 
roasting, oxygen-free copper and the distillation of zinc in vertical retorts, 
Despite the changes, however, the book still covers a very wide field, 
and may be said to deal with metallurgy i in a general way with par ticular 
emphasis on the aspects of special interest to users of metals. The 
chapter headings are too numerous to include in a short review, but 
some idea of the field covered may be given by stating that there are 
chapters on ores and ore-treatment, extraction and refining, fuels and 
pyrometry, working, welding, the theory of alloys, heat treatment, 
corrosion, testing and inspection, as well as on the properties and uses 
of ferrous and non-ferrous metals and the application of metals in 
engineering. The authors point out in the preface that the book is 
used as a textbook in many technical schools and classes organised by 
industrial firms. It should be very useful for this purpose. 
J. M. RoBErRtTson. 


VEREIN DEUTSCHER INGENIEURE. ‘‘ VDI Jahrbuch 1938. Die 


Chronik der Technik.” Herausgegeben im Auftrage des 
Vereines deutscher Ingenieure von A. Leitner. 8vo. pp. 312. 
Berlin, 1938: VDI-Verlag G.m.b.H. (Price 3.50 R.M.) 


The Year-Book for 1938 of the Verein deutscher Ingenieure is a 
worthy successor to the preceding volumes covering the period from 
1934 to 1937. It contains some hundred reports each devoted to one 
field of technical interest, and presents in all a complete survey of 
progress achieved in 1937. Individual contributions are by recognised 
authorities, and the reader may rest assured that every development, 
however slight, in every section of professional activity has been re- 
corded. With the assistance of the ten thousand or more references to 
the literature embodied in marginal notes (there are about 4,400 of 
these), those who use this book may probe as deeply as they wish into 
problems of special interest. Regarding the contents, reference is 
facilitated by the inclusion of an alphabetical index containing about 
3,000 entries. Together with a review of occurrences of technical 
importance in the year 1937 and notes of important anniversaries in 
1938, a very welcome feature is the bibliographies of new publications 
dealing with the appropriate subject-matter and appended to individual 
sections of the book. 
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MINERAL RESOURCES 





New Zealand Ironsand in Relation to Overseas Deposits of 
Titaniferous Magnetite. A. W. Wylie. (New Zealand Journal of 
Science and Technology, 1938, vol. 19, Feb. 25, pp. 572-584). 
Titaniferous iron ores are widely distributed throughout the world 
and are represented in New Zealand by the Taranaki deposits. 
Available data regarding the occurrence and chemical composition 
of these ores are summarised, and it is shown that the New Zealand 
ironsands are similar to those occurring elsewhere. Recent develop- 
ments in the study of these ores and methods of exploiting them for 
iron, titanium, and vanadium are reviewed. 

Geology of Woodstock Area, Carleton and York Counties, New 
Brunswick. J. F. Caley. (Canada, Bureau of Economic Geology, 
Geological Survey, 1936, Memoir 198). It is noted that the man- 
ganiferous hematite deposits of Jacksonville, Carleton County, 
resemble those of the Cuyuna district of Minnesota. The iron 
content varies from 30-07% to 5-55% and the manganese from 15-0% 
to 10-48%. These deposits were worked intermittently between 
1848 and 1884, but have not been utilised since then. 

The Manganese-Iron Deposits of Blaa-Alm Alt-Aussee. F. 
Schwartz. (Berg- und Hiittenminnische Monatshefte, 1938, vol. 
86, Apr., pp. 74-75). An account is given of the geology of the 
Blaa-Alm deposits of manganiferous iron ores. The ores assay 
2-56-32-62°, of manganese dioxide and 21-75-36-10% of ferric oxide. 

German-Austrian Ore-Mining and Metal Industries and their 
Place in the Four-Years Plan. H. Strakele. (Metallwirtschaft, 
1938, vol. 17, Apr. 15, pp. 423-425). Particular reference is made 
to the iron-ore and iron-working industries in A“stria, special note 
being made of the properties of the Styrian iron-vre deposits ; their 
analysis is compared broadly with that of deposits elsewhere in Ger- 
many. Statistical data are presented. 

The Styrian Erzberg and the Iron Roots of Austria. H. 
Scherbaum. (Zeitschrift des Vereines deutscher Ingenieure 
1938, vol. 82, Apr. 9, pp. 422-426). An account is given of the 
topography of the Erzberg and its exploitation as a source of iron ; 
mining methods are described and some historical data are given. 
Reference is also made to water-power resources and to the magnesite 
industry in the vicinity. 

The Present Economic Position of Austria. P. Raabe. (Stahl 
und Eisen, 1938, vol. 58, Apr. 7, pp. 369-371). The author presents 
a summary of the present economic position of Austria and refers 
inter alia to the coal and iron resources of the country. 

The Graphite Deposit in Waldviertel, its History and Exploitation. 
F. Péchmann. (Montanistische Rundschau, 1938, vol. 30, May 1.) 
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The geology and history of the development of the Waldviertel 
graphite deposits are discussed, and the method of preparing the raw 
material for use and some of its applications in the iron and steel 
industry are also briefly dealt with. 

The Magnetite Deposits and Copper-Ore Seams of Cala, Near 
Seville. H. Quiring. (Zeitschrift fiir praktische Geologie, 1938, vol. 
46, Apr., pp. 59-70). The author opens with an account of the 
earlier exploitation of the ore deposits at Cala, near Seville. The 
geology of the magnetite deposits is then comprehensively discussed, 
this account being followed by an equally detailed report on the 
chemistry of the ores; the magnetite in one deposit assays 83-93% 
of ferric oxide with 7:33% of ferrous oxide ; this is equivalent to an 
iron content of 64-04%. 

Mineral Resources of Italy. LL. Pondeveaux. (Génie Civil, 1938, 
vol. 112, Apr. 23, pp. 357-358). A review of the mineral resources of 
Italy is presented, statistics being completed up to the end of 1937. 
Attention is called to the deficiency in solid and liquid fuel and in 
iron ores, and reference is made to the investigations being under- 
taken by the Compania Mineraria Etiopica into the mineral 
resources of Abyssinia and to the difficulties which the nature 
of the country introduces into their rapid development. 

The Self-Sufficiency in Raw Materials of the Italian Empire with 
Reference to Metals and Iron. G. Lo Verde. (Metallwirtschaft, 
1938, vol. 17, Apr. 22, pp. 447-451). Reference is made to the 
exploitation of iron-ore deposits in Elba, the Aosta Valley, the Val 
Camonica and Sardinia. Manganiferous iron ores are found in 
small quantities in Sardinia. In Tripoli and Italian Somaliland 
indications occur of iron, manganese and brown coal. The utilisation 
of Italian pyrites as a source of iron rendered economically possible 
by the electric blast-furnace is also referred to. Statistical data are 
presented in tabular form. 

Iron Ore Available to Alabama Blast Furnaces. E. F. Burchard. 
(Mining and Metallurgy, 1938, vol. 19, Apr., pp. 183-184). The 
author presents an account of the geology of the iron-ore deposits in 
Alabama and the production of such ores in the principal districts of 
the state. Data regarding the ores, their distribution and character- 
istics are given in tabular form. (See also Journ. I. and §.I., 1938, 
No. L., p. 169 4). 

Michigan’s Potential Iron Ores and the Outlook for their Beneficia- 
tion. W. E. Keck. (Engineering and Mining Journal, 1938, vol. 
139, Apr., pp. 46-48). Nearly all of Michigan’s potential iron ores 
are of fine texture and will require fine grinding to free the valuable 
iron minerals from the gangue. Flotation appears a likely process 
for the commercial beneficiation of Michigan ores. The author 
discusses the applicability of flotation to low-grade siliceous forma- 
tions, high-sulphur and high-phosphorus ores, and rejects from 
gravity concentration. The cost of flotation and the treatment of 
flotation concentrates in succeeding processes are also dealt with. In 
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connection with the latter, reverberatory smelting appears to offer 
considerable possibility as a means of treating the fine flotation 
concentrates. The effect of slimes on pure coarse minerals is being 
studied and the results of investigations in this regard are briefly 
commented upon. 

Minerals in the German Colonies with Special Reference to Metallic 
Ores. F. Schumacher. (Metallwirtschaft, 1938, vol. 17, Apr. 8, 
pp. 399-405). An account is given of the mineral resources of the 
former German possessions in East and South-West Africa and New 
Guinea. Tin, tungsten, zinc, vanadium, magnetite and hematite, 
nickel ores, columbite and tantalite, molybdenum glance, and 
rutile are referred to. Some statistics are given and it is observed 
that in many cases no exploitation of the deposits has yet begun. 

The Molybdenite Deposit at Hiiseyinbey-Obasi in Turkey. G. C. 
Ladame. (Annales des Mines, 1937, vol. 12, No. 12, pp. 303-326). 
The author describes the topography and geology of a large deposit of 
molybdenite in Turkey. The molybdenite is associated with quartz, 
in contrast to deposits elsewhere in which it associated with 
magnetite. The ore is concentrated by a flotation plant on the site 
of the deposit. Tabular data are presented 

The Philippines. A New Source of Manganese. R. Keeler. 
(Engineering and Mining Journal, 1938, vol. 139, May, pp. 29-32). 
An account is given of the exploitation of the manganese deposits in 
the Philippine Islands. It is indicated that much of the ore known 
will require beneficiation and that exports for 1938 are not likely to 
exceed 100,000 tons. Most of the ore mined is being shipped to 
Japan. Some tabular data are presented regarding analyses of 
shipments from Siquijor. 

Japan becomes a Nickel Producer. W. Schillig. (Metall- 
wirtschaft, 1938, vol. 17, Apr. 1, pp. 375-376). The consumption of 
nickel in Japan for 1938 and the following year is estimated at a 
minimum of 10,000 tons per annum. The Nippon Nickel Co. 
commenced operations in Oct., 1937, the source of nickel being a 
domestic serpentine containing 0-3-0-4% of nickel, 15% of iron, 
34% of magnesium and 0-5-1-:0% of chromium. Thirty million 
tons of this mineral are available for extraction purposes, the 
economy of the process being dictated largely by the price of sul- 
phuric acid, of which 50 tons are consumed per ton of nickel produced. 
Iron is separated by an electrolytic method involving the use of a 
molten electrolyte, whilst the nickel is extracted in a high-frequency 
furnace. Production is expected to reach one ton per day at a cost 
of 2000-2500 yen. 
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Shaft Sinking on the Gogebic Iron Range. W. A. Knoll and J. C. 
Sullivan. (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 887; Mining Technology, 
1938, vol. 2, May, No. 3). An account is given of the operations 
involved in sinking a new shaft at the Newport Mine, Ironwood, 
Michigan. 

Arsenic in Iron Ores and the Possibility of Removing it Prior to 
Smelting. W. Luyken and L. Heller. (Archiv fiir das Eisenhiit- 
tenwesen, 1938, vol. 11, Apr., pp. 475-481). The authors discuss 
first the geochemistry of arsenic and its behaviour during the smelt- 
ing of the iron ore ; it passes almost completely into the melt and can 
be removed only with difficulty. To remove the arsenic prior to 
smelting, roasting, sintering and concentration methods have been 
tried. Regarding the first method, partial reduction of the ore 
followed by reoxidation with carbon dioxide has proved very 
effective, but this process has not been adequately tested on an 
industrial scale. Semi-industrial tests of a magnetising roasting 
process have promised good results; the initial removal of arsenic 
was followed by a still further decrease in the remaining content of 
this element on magnetic separation. Sintering resulted in some 
reduction of the arsenic content. It is concluded that to submit the 
ores to a process designed solely to remove arsenic is uneconomic ; 
it is probably better to arrange for its removal in a process already 
being employed for some other purpose. 
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(Continued from p. 1 A) 


The Manufacture of Silica Brick by the Dominion Steel and Coal 
Corporation, Ltd., Sydney, N.S. H. B. Gillis and F. C. Morrison. 
(Transactions of the Canadian Institute of Mining and Metallurgy, 
1938, vol. 41, pp. 159-166). The authors discuss the physical 
properties of silica with particular reference to its crystal modifica- 
tions, consider the requisites of quartzite for silica brick, and 
then pass on to an account of the manufacture of silica brick 
at the Sydney plant, together with a description of the equipment 
itself. 

Standard Method for the Determination of the Porosity of Refrac- 
tory Materials. (Journal of the Society of Glass Technology, 1938, 
vol. 22, Apr., pp. 102-103). A description is given of the British 
Refractories Research Association standard method of porosity 
determination. The percentage apparent porosity is given by the 
formula “ 

W.— Wa 
W,— WwW. x 100, 
where W, is the weight of a cube of the refractory material (about 
2x 2 x 2 in.) after drying at 110° C. for about 2 hr., W, is the 
weight of the cube after soaking for about 12 hr. in paraffin under 
reduced pressure, and W, is the weight of the cube when suspended 
in paraffin. The apparent specific gravity of the material is deter- 
mined by the formula 
We 


‘wi wW,* © 


x a 
where G is the true density of the refractory as determined by the 
specific-gravity-bottle method. The percentage true porosity is 
calculated from the formula 


Sa 
( l 5) x 100, 

where S; is the true specific gravity of the powdered refractory 

ground to pass a 120 B.S.I. sieve. 
The Effect of Fluxes on the Under-Load Strength of Fireclay. 
J. F. Hyslop and J. McNab. (Transactions of the Ceramic Society, 
1938, vol. 37, Apr., pp. 168-172). The addition of 5% of various 
oxides to a highly refractory clay shows that the fluxing action 
decreases in the following order : MgO + CaO, Na,O, Na,O + CaO; 
MgO, MgO + mill scale, CaO; CaO + mill scale, Na,O + mill 
scale; Na,O + MgO, K,0-+ MgO, mill scale; K,O, Fe,O,, 
2FeO.SiO,. The average fluxing effect—that is, the temperature 
t which there is 4% deformation under a load of 25 lb. per sq. in.— 
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for mixtures containing 95% brick and 5% flux is 1430° C. Fluxes 
which give this or a lower figure are powerful and energetic. 

Study of the Radiation from Certain Silico-Alumina Refractories. 
A. Baritel. (Chaleur et Industrie, 1938, vol. 19, Mar., pp. 237-244 ; 
Apr., pp. 299-311). The author presents a comprehensive study of 
the thermal radiation from five commercial silico-alumina refractories 
containing from 6% to 97% of silica and from 1% to 91% of alumina, 
at temperatures between 950° and 1200° C. The study includes the 
determination of the total energy radiated and of the reflectivity and 
capacity for transmitting heat. Full details are given of the 
experimental apparatus and technique, and results are presented in 
both graphical and tabular form. The paper is mainly of a mathe- 
matical nature. 

Means of Increasing the Durability of the Bottoms and Refractory 
Linings of Basic Converters. F. Shiyan. (Stal, 1937, No. 7, pp. 
81-85). (In Russian). In connection with the very short life of 
the bottoms and linings of basic converters at Russian works, the 
whole question of raw material (dolomite), its calcination and grind- 
ing, the conditions to which the bottoms are exposed in practice and 
the process of drying and firing both the bottoms and the linings are 
re-examined. In conclusion, some of the reasons for the present 
poor quality of bottoms and linings are discussed. It is concluded 
that it is necessary to increase the depth of the fired zone of the lining 
and to increase the amount of heat put into the whole mass of the 
lining. Both these objects can be achieved by raising the tempera- 
ture and prolonging the time of firing. The temperature of the 
molten mass of dolomite and pitch, which is used to fill the space 
between the bottom and the lining, at the moment at which it is 
poured in, should not be less than 100°. Cracks in the mass of the 
bottom should not be allowed; and finally an accumulation of 
gases and pitch between the lining and the outside shell must be 
prevented by properly tamping down the lining. 

The Testing and Properties of Heat Insulating Materials. A. H. 
Jay and L. Lee. (Transactions of the Ceramic Society, 1938, vol. 
37, Apr., pp. 151-167). Tests are described which may be adopted 
to estimate the usefulness of insulating products, and the properties 
of some thirty materials are tabulated. The main considerations are 
the thermal conductivity, maximum safe temperature and crushing 
strength. After the thermal conductivity the correct application of 
heat insulating materials is controlled chiefly by the maximum 
safe temperature. 
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(Continued from pp. 2 A-4 A) 


Supplementary Heat and Power Supply in Iron and Steel Works. 
A. F. Webber. (Iron and Steel Industry, 1938, vol. 11, Apr., pp. 
264-266). The producing unit in which fuel economy has been 
most effective is the blast-furnace, and the reduced coke consump- 
tions associated with modern blast-furnace technique result in such 
reductions in the available supplies of blast-furnace and coke-oven 
gas that the increased power and heat demands of the other stages 
of the steelmaking process can no longer be supplied entirely from 
the coal charged to the ovens. Exceptions are noted where such 
marked economy has not been possible owing to the lean ores con- 
stituting the burden. In general, however, a deficiency of gaseous 
fuels has resulted, and the author proceeds to describe methods by 
which such a deficiency may be supplemented. The advantages 
and disadvantages of supplementary producer gas, the relative 
merits of gas engines or steam turbines as alternative power 
systems, the purchase of outside power, and the provision of 
supplementary electrical power by generating at the works or by 
outside purchase, are discussed. (See also Journ. I. and §.I., 1938, 
No. I., p. 4 4). 

Steam Power Developments. C. W. E. Clarke. (Iron and Steel 
Engineer, 1938, vol. 15, Mar., pp. 15-38). The author presents an 
outline of the developments in power plant during the last ten years 
and then passes on to a consideration of changes in plant and design, 
auxiliary equipment, and methods of operation and control which 
these developments have entailed. Modifications in boiler design, 
including the use of welded drums and certain novel types of boilers, 
furnace-wall refractories, superheat control, pulverised-coal firing, 
stoker firing, air preheaters, soot blowers and steam scrubbers, 
combustion control, the protection of the internal surface of boilers 
against corrosion due to oxygen in the feed water (the use of a 
special paint applied preferably to thoroughly descaled and cleaned 
surfaces is referred to), progress in turbo-generator design, generator 
coolers, condensing equipment, feed heating and feed-water treat- 
ment, piping, and water column and gauge glasses are each discussed 
in some detail under the appropriate headings. 

The Selection of Coal for Industrial Purposes. G. W. Himus. 
(Sands, Clays and Minerals, 1938, vol. 3, Apr., pp. 200-203). The 
author presents in a concise form the requirements of coal for steam 
raising, for the manufacture of town gas, for the production of metal- 
lurgical coke, for domestic purposes, for use in the pulverised condi- 
tion, for the production of producer-gas, and for the production of 
motor spirit by hydrogenation processes. Under each of these 
headings a brief summary is given of suitable tests to ascertain the 
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value of the coal for the purpose described. The requirements are 
collected and presented in tabular form at the conclusion of the 
article. 

Conditions of Temperature and Heat Transfer in the Laboratory of 
the Industrial Furnace. Part III. The Thermotechnological Calcula- 
tion of the Continuous Heating Furnace. H.Schwiedessen. (Archiv 
fiir das Eisenhiittenwesen, 1938, vol. 11, May, pp. 531-544). A con- 
tinuation of a previous article. (See Journ. I. and 8.I., 1938, No. I., 
p. 303 a). The author deals with the practical application of the 
methods of calculating temperature conditions and heat-transfer 
values developed in the first and second parts of the article. The 
relationship between the heat required, heating time, flue-gas and 
wall temperature, and the computation of the surface temperature 
of the charge together with the flue gas and wall temperatures and 
the partition of the heat supply under given conditions as to the 
thermal loading of the furnace surface are dealt with. In connec- 
tion with the surface temperature of the charge the effects of heat 
conduction and of scaling are examined. Among the factors affect- 
ing the distribution of the available heat are considered the preheat- 
ing of fuel and air, regulation of combustion, and reflection. Com- 
prehensive data are presented in graphical and tabular form. 

Sink and Float Separation Commands New Attention. W. B. 
Foulke. (Engineering and Mining Journal, 1938, vol. 139, May, 
pp. 33-39, 48). An account is given of a recently perfected process 
based on apparent-density separation for the beneficiation of coal and 
all metallic and non-metallic minerals. The process has been 
developed by du Pont de Nemours and Co., Wilmington, Del., and is 
characterised by the use of halogenated hydrocarbons such as 
tetrabromethane, pentachlorethane and trichlorethylene, or mix- 
tures of two or more of these, as the separating fluid (or “ parting 
fluid’). The account is devoted primarily to a consideration of the 
application of the process to coal. In this connection reference is 
made to the use of so-called “‘ active agents ”’ such as starch acetate 
or tannic acid (in concentrations of 0-01°%), which prevent loss of the 
separating medium by preventing its adsorption by the surface of 
the material being treated. Very complete details are given of the 
construction, operation and working costs of a plant operating on a 
commercial scale adjacent to the Western Colliery of the Weston 
Coal Co., Shenandoah, Pa. The process is claimed to be able to 
sort materials having very similar specific gravities ; as an example, 
the separation of quartz (sp. gr. = 2-66) from calcite (sp. gr. = 2-71) 
is quoted. It may be used for run-of-mine feed, or for recovering 
material of value from tailings or refuse delivered from existing 
plant. It may also be used as a preliminary concentrator in con- 
junction with other processes. 

The Preparation of Coal for Industrial Purposes. T. Biddulph- 
Smith. (Proceedings of the Cleveland Institution of Engineers, 
1937, No. 1, Nov, 15, pp. 23-50). After a preliminary discussion on 
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the nature of and disadvantages due to the presence of foreign 
matter in run-of-mine coal the author describes first the prin- 
ciples upon which coal washing machines of different types operate 
and then discusses in detail one machine of each type. Of the 
upward-current washers, the Draper machine is considered ; of the 
jig-washing type, the Baum machine is selected as being one 
of the most widely used; trough washers are illustrated by an 
account of the Rheolaveur washer. Concentrating tables have been 
used very successfully for the cleaning of slurry or very wet fines, 
and of this class of machine the H.H. Overstrome table is selected 
for detailed description. The formation of slurry may cause 
difficulty in washing plant ; the problem has been largely overcome 
by dedusting, flocculation, and filtration processes designed respec- 
tively to remove slurry-forming dust from the coal before washing, 
to cause suspensions in the washery water to settle out quickly, and 
to effect a mechanical separation of the suspended matter from the 
washery water. Gravity-separation processes for preparing coal 
such as the Chance sand-flotation process and the Lessing calcium- 
chloride process are described. For washing very fine coal the 
froth-flotation process and the Elmore vacuum flotation process 
are employed. Inconclusion the author considers the advantages 
and disadvantages of dry cleaning processes, and briefly describes 
the chief features of the pneumatic separators for the treatment 
of coal. 

De-watering and Drying of Coal. J. R. Cudworth and E. S. 
Hertzog. (United States Bureau of Mines, 1938, Information 
Circular No. 7009). The authors discuss the advantages of de- 
watering and drying coal, the classification of moisture in coal and 
means of de-watering coal, the drying of coal by heat, costs of 
de-watering and drying, and typical American practices in different 
areas. A bibliography is appended to the circular. 

Methods and Performances in De-watering and Drying Washed 
Coal. T. W. Guy. (American Mining Conference: Iron and Coal 
Trades Review, 1938, vol. 136, Apr. 15, pp. 651-652). The author 
discusses methods of de-watering coal, methods of obtaining data 
on the moisture content of coal, and the results of a classification 
of data reported from various sources. It is concluded that prevail- 
ing conditions, operating practices, sampling methods and other 
factors vary to such an extent that it is difficult to classify the data 
with regard to size of coal, type of equipment used or as to results. 
Tabular and graphical classifications, however, are provided 
together with a concise analysis of the results obtained. Some 
data are presented regarding plants employing heat-drying systems. 

Pulverised Fuel. Application to Boilers and the Metallurgical 
Industry. J. H. Mahler. (Sheffield Trades Technical Societies ; 
Iron and Steel Industry, 1938, vol. 11, Apr., pp. 283-286). The 
author discusses the economic and technical advantages of pul- 
verised fuel, methods of pulverising and distributing, and burners 
for dealing with pulverised fuel. Specific applications are next 
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considered; among these are included reverberatory furnaces, 
air-melting furnaces for roll-making, rotary furnaces, reheating 
furnaces, and heavy and light forge furnaces. The account includes 
detailed tabular data. 

New Coking and By-Products Plant. (Colliery Guardian, 1938, 
vol. 156, May 13, pp. 855-858; May 20, pp. 901-904). Seaton 
Carew Coking and By-Product Plant of the South Durham Steel 
and Iron Company, Limited. (Iron and Coal Trades Review, 
1938, vol. 136, May 20, pp. 871-875). An account is given of the 
recently completed coking and by-product plant at the Seaton 
Carew works of the South Durham Steel and Iron Company, Ltd. 
The plant comprises 30 Gibbons-Kogag compound silica ovens, 
with a coal-handling and blending section, coke-handling and 
screening equipment and complete by-product recovery plant. 

New Coke Ovens at Seraing, Belgium. (Iron and Coal Trades 
Review, 1938, vol. 136, Apr. 22, pp. 684-686). An account is 
given of a battery of 44 Coppée coke-ovens recently installed at the 
Seraing Works, Liége. The new battery is capable of carbonising 
950 tons of coal (with 23-26% of volatile matter and 7-11% of 
moisture) per day. Special reference is made to the position of the 
ovens in the layout of the works; the length of gas mains to and 
from the ovens has been reduced to a minimum. The coke-ovens 
are heated by surplus blast-furnace gas and by coke-oven gas. 
A detailed account is given of the gas controlling and distributing 
systems and of the auxiliary equipment attached to the coke-ovens. 

These Advantages are Claimed for the Use of Oil-Gas in the 
Manufacture of Tinplate. W.N. Hoyte. (Sheet Metal Industries, 
1938, vol. 12, Mar., pp. 303-306). The author describes the deriva- 
tion and chemical and physical properties of oil-gas and its uses 
in tinplate manufacture. Its application to mill furnaces, gas- 
burner design, fuel consumption (comparisons being drawn between 
oil-gas, coal and anthracite producer-gas), the applications of oil- 
gas to annealing furnaces, temperature conditions in the annealing 
furnace, and the comparative consumption of different fuels in 
annealing furnaces are discussed. 

Colloidal Fuel. (In Great Britain the ‘‘ Cunard ’’ Process). 
D. Brownlie. (Chaleur et Industrie, 1938, vol. 19, Feb., pp. 203- 
206). The ‘Cunard ” colloidal fuel process utilises a stable sus- 
pension of 30-40% of pulverised coal or other fuel in coal-tar oil, 
shale oil or other suitable media. The solid fuel is not in the true 
colloidal state. The stabiliser used consists of a soap or of gelatine, 
gum arabic and allied substances. The fuel was intended for use in 
furnaces or for internal-combustion engines. Reference is made to 
an English patent (No. 396,432) of 1931. The methods of manu- 
facturing the fuel are described. Attention is drawn to disadvantages 
resulting from the possible separation of the solid constituent of the 
fuel and to drawbacks to its wider utilisation in England and 
France. 
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(Continued from pp. 5 A-6 A) 


Method of Tapping Foundry Pig Iron from the Hearth of the 
Blast-Furnace in Order to Prevent the Deposition of Slag on the 
Bottom of the Furnace. Rasskazov and Sazhin. (Stal, 1937, 
No. 7, pp. 12-14). (In Russian). Experience with a blast-furnace 
in which a new method of tapping the metal is used is described. 
It is stated that the method successfully prevents the deposition 
of slag upon the bottom of the hearth. 

Oxygen Blast as a Factor in the Improvement of the Gas from a 
Blast-Furnace. M. Grachevskiy. (Stal, 1937, No. 7, pp. 1-11). 
(In Russian). The author examines the economic and technical 
aspects attaching to the use of oxygen-enriched blast containing 
up to 10% oxygen. Calculations are made to show the increased 
cost due to an increased consumption of coke on the one hand, 
while on the other hand there would be an increased yield of gas and 
the possibility of using it for the production of synthetic ammonia. 

The Production of Basic Pig from the Low-Grade Acid Dogger 
Ores at the Oberhausen Works. (Génie Civil, 1938, vol. 112, 
May 7, p. 397). A summary in French of an article by W. 
Lennings which appeared originally in Stahl und Eisen, 1938, 
vol. 58, Jan. 13, pp. 25-34; Jan. 20, pp. 52-58. (See Journ. I. 
and §.1., 1938, No. I., p. 240 a). 

Utilisation of the Throat Dust at a Blast-Furnace Plant. (Demag 
News, 1938, vol. 12, C, Apr., pp. 1-6). Recirculation of Blast- 
Furnace Dust. The Heskamp System. (Iron and Coal Trades 
Review, 1938, vol. 136, Apr. 29, p. 721). A translation of an 
article by E. Kayenburg which appeared originally in Stahl und 
Eisen, 1938, vol. 58, Mar. 10, pp. 276-279. (See Journ. I. and §.L., 
1938, No. I., p. 309 'a). 

The Utilisation of High-Iron Chrome Ores. M.J. Udy. (Trans- 
actions of the Canadian Institute of Mining and Metallurgy, 1938, 
vol. 41, pp. 199-207). After a preliminary review of the history of 
the discovery and development of American chromite resources, 
the author gives an account of the developments in mining and 
smelting undertaken in the last few years by the Chromium Mining 
and Smelting Corporation of Canada. A detailed description (with 
flow sheet) is given of the selective reduction process for the treat- 
ment of high-iron chrome ore; this process is compared with that 
employed for the manufacture of low-carbon ferro-chromium from 
high-grade ores by the usual smelting method (for which a flow 
sheet is also given). It is pointed out that the latter process is not 
applicable to high-iron chrome ores. The selective reduction 
process involves the addition of sufficient lime to the ore to replace 
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the ferrous oxide and give a highly basic melt, the charge being 
then smelted in an electric furnace with a slight excess coke to 
reduce the ferrous oxide. Under the prevailing conditions the 
ferrous oxide is reduced before the chromic oxide, and a beneficiated 
ore is obtained containing a chromic oxide content equal to or 
higher than that of the original ore. Simultaneously a metal “ by- 
product ”’ high in iron and low in chromium is recovered. The 
treatment of the beneficiated ore to produce a low-carbon ferro- 
chromium is discussed in detail. A selective oxidation process for 
the manufacture of low-carbon ferro-chromium or chromium metal 
is also described, an appropriate flow sheet being presented. 

Mineral Wool. J. R. Thoenen. (United States Bureau of 
Mines, 1938, Information Circular No. 6984). The author defines 
mineral wool, a generic term covering a number of products 
among which is included slag wool, and then discusses marketable 
forms and uses of the material, manufacturing equipment and its 
operation, the mineral-wool manufacturing industry in general from 
the economic and other standpoints, and mineral-wool specifications 
(chemical composition, ductility, fibre size and thermal conductivity). 
Finally lists of manufacturers of and of patents relating to mineral 
wool are presented. 

Works of the Midland Iron Company, Limited. (Iron and Coal 
Trades Review, 1938, vol. 136, Apr. 29, pp. 723-724). An account 
is given of the history of the Midland Iron Company, Limited, 
Rotherham, producers of wrought iron by the puddling process. 
The equipment is entirely electrically driven; except for that pro- 
duced in waste-heat boilers no steam power is generated. The 
forge department is provided with seven coal-fired puddling furnaces 
each equipped with a waste-heat boiler; there are also three ball 
furnaces, one of which is town-gas-fired. A detailed account is 
given of the rolling-mill equipment and of the mill drives. 

Austria’s Iron and Steel Industry Returns to the Reich. R. 
Walzel. (Stahl und Eisen, 1938, vol. 58, May 19, pp. 537-542). 
The author presents an historical review of the Austrian iron and 
steel industry, discusses the present technical and economic position 
and outlines future plans and prospects. 

John Wilkinson—His Craft and Times. J.E. Cooke. (Institute 
of British Foundrymen: Foundry Trade Journal, 1938, vol. 58, 
Apr. 21, pp. 325-327). The author refers to the changing economic 
conditions in England consequent upon the industrial revolution, 
presents an account of Wilkinson’s life and work and illustrates the 
part he played in furthering the industrial revolution by an account 
of the major developments for which he was responsible. 
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(Continued from pp. 7 4-8 A) 


Balanced Blast Cupola. (American Foundrymen’s Association 
and American Society of Mechanical Engineers: Canadian Metals 
and Metallurgical Industries, 1938, vol. 1, May, pp. 143, 146-147, 
154). After a preliminary discussion on the design and operation 
of cupolas of normal design, the essential features of balanced-blast 
cupola design are described. The operation of the balanced-blast 
cupola is then considered in detail with particular attention to 
thermal data and the nature of the reaction occurring in a cupola. 
In conclusion the temperature and quality of the metal from the 
balanced-blast cupola are dealt with. 

Oxidation Losses in the Cupola. L. W. Bolton. (Bulletin of 
the British Cast Iron Research Association, 1938, vol. 5, May, pp. 
172-174). The author presents a critical review of an article by A. 
Poumay, jun., which appeared in Revue de Fonderie Moderne, 
1937, Aug., pp. 10-25. The article dealt in part with the balanced- 
blast design of cupola. The author of the present article criticises 
Poumay’s method of comparing the oxidation in the normal and 
balanced-blast cupolas, namely, by examining the analyses of the top 
gases from the latter type and by calculating the oxidation in the 
former by assuming certain losses of silicon and manganese in the 
metal. The same process should have been employed in both cases 
to obtain data upon which to base comparisons. The author further 
states that it is impossible to estimate the total melting loss with 
sufficient accuracy to justify certain assumptions in this regard 
made by Poumay. Some discussion is also presented on the 
comparison of the oxidation which takes place in cupolas on the 
basis of exhaust gas analysis. 

Foundrymen Argue Cupola Problems. (Iron Age, 1938, vol. 
141, Apr. 7, pp. 40-43, 84-85). Abstracts are presented of some 
papers read at the Cupola Symposium held under the joint auspices 
of the Birmingham Chapter of the American Foundrymen’s Associa- 
tion and the American Society of Mechanical Engineers. Among 
those papers abstracted are the following: Griffin Hot Blast, by 
L. H. Rudesill; The Acipco Hot-Blast Cupola, by J. W. Cotlin; 
Mechanical Cupola Charging in a Pipe Foundry, by M. Kuniansky ; 
Whiting Wishbone Charger, by A. W. Gregg; The Acipco Charger, 
by D. Guldberg. 

Production of Iron in the Rotary Furnace by the Stuerzelberg 
Process. H. Hofmeister. (Demag News, 1938, vol. 12, C, 
Apr., pp. 7-11). An account is given of the production of iron by 
the Stuerzelberg process (German Patent No. 615,163) which was 
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developed to smelt calcined pyrites produced in the manufacture of 
sulphuric acid. Such a material yields the following analysis : 
Iron 44-00%, arsenic 0-02%, phosphorus 0-02%, zine 8-20%, copper 
0-02%, lead 0-40%, sulphur 5 00%, manganese 0-20°%, silica 10-20%. 
The analyses of two grades of iron produced are: For grade laS 
carbon 4-4-4-8%, silicon 0-015%, manganese 0-2-0-4%, phosphorus 
0-01-0-03% and sulphur less than 0-01%; for grade Va the figures 
are carbon 2-5-3%, silicon 0-015°%, manganese 0-2-0-4%, phos- 
phorus 0-01-0-03°% and sulphur less than 0:025%. The iron 
produced by this process is employed for making alloy steels and 
for special foundry iron blends. The construction and operation 
of the rotary furnace are described in detail. It is noted that in 
contrast to the Renn process, by which low-carbon blooms con- 
taminated with slag and with more or less high sulphur contents 
are produced (these in turn having to be melted again in a special 
furnace), the Stuerzelberg process produces a low -sulphur, slag-free 

metal in the molten state w hich, if alloying elements are added, may 
be cast direct. The Renn process is continuous whilst the Stuerzel- 

berg process is operated on individual melts. (See also Journ. I. 
and §.I., 1937, No. I., p. 158 a). 

Modernising a Malleable Iron Foundry. A. E.Schoebeck. (Iron 
Age, 1938, vol. 141, Apr. 7, pp. 37-39, 94). An account is given of 
the alterations to equipment and operating methods at the plant 
of the Jamestown Malleable Iron Corporation, Jamestown, N.Y., 
consequent upon its being modernised. The old system is described 
and compared with the new, particular attention being paid to 
furnace design and operating times, the use of radiant-tube heating 
elements in the new furnaces, the employment of controlled atmo- 
spheres and the dimensions and fuel consumption of the new type 
malleablising furnace. 

Developments in Malleable Annealing Furnaces. (Industrial 
Heating, 1938, vol. 5, Apr., pp. 318-321). The introduction of the 
short-time annealing cycle and the use of controlled atmospheres 
in annealing furnaces for malleable cast iron are referred to. Among 
the furnaces developed to meet the demands .of this modified 
technique for the production of malleable cast iron are continuous 
pusher-type electric furnaces, continuous roller-hearth furnaces, 
continuous gas-fired furnaces, continuous gas-fired radiant-tube 
furnaces, batch-type gas-fired furnaces, and electric elevator-type 
furnaces. A protective atmosphere generator for use with the 
first-mentioned type of furnace is described. Constructional and 
operating data are given for the furnaces referred to. 

Acid Electric-Arc Furnace for Making Steel Castings. (Iron and 
Coal Trades Review, 1938, vol. 136, Apr. 15, p. 655 : Foundry Trade 
Journal, 1938, vol. 58, Apr. 21, p. 328). An abridged translation 
of an article by R. van Tongel, sen., which appeared originally in 
Stahl und Eisen, 1938, vol. 58, Jan. 27, pp. 83-84. (See Journ. I. 
and S.I., 1938, No, I., p. 245 a). 
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Carbon and Alloy Steel Castings. J. E. Mercer and D. K. 
Barclay. (Institute of British Foundrymen: Foundry Trade 
Journal, 1938, vol. 58, May 19, pp. 405-410). The authors confine 
their discussion to steels made by the electric are process, which, 
with the possible exception of those containing less than 0-10% 
of carbon, is adaptable for making the great majority of com- 
positions now required by the steel foundry. The importance 
commonly attached to a vigorous boil is questioned, and bath 
reactions during melting, the use of a finishing slag and the beneficial 
influence of deoxidation are also dealt with. Optimum pouring 
temperatures are briefly considered, while the adverse influence of 
hydrogen is explained and critically discussed. Reference is made 
to a pending patent dealing with the desulphurisation of the melt 
with hydrogen which is afterwards displaced by nitrogen. The 
properties, heat treatment and applications of low-, medium- and 
high-carbon steel castings are then considered, and chromium steels, 
chromium-nickel steels and chromium-molybdenum steels are 
similarly dealt with. Special attention is devoted to nickel- 
chromium-molybdenum steels of various compositions, the heat 
treatment of castings in these materials being discussed at some 
length. Some reference is made to the properties of castings in 
“ Cypritic ” steels (high copper-chromium steels) and it is noted 
that by careful attention to pouring temperatures and cooling rates 
the tendency of these steels to assume a coarse-grained structure may 
be overcome. The homogeneity of Cypritic steel castings is said 
to be satisfactory and reference is made to precipitation-hardening 
phenomena. In conclusion the authors deal with the mechanical 
properties of this group of steels, their amenability to welding, cor- 
rosion resistance, machinability, the forging of Cypritic steels, and 
the production of wire and sheet. 

Sand-Conditioning Equipment Predominates in Recent Devices 
for the Foundry. F.J. Oliver. (Iron Age, 1938, vol. 141, May 12, 
pp. 49-53). The author discusses three recent types of sand con- 
ditioners and mullers, two types of shaking screens, new systems 
for wet cleaning and wet dust collecting, applications of Dowmetal 
(a magnesium-base alloy) in the foundry, a new refractory cement 
for ladles and cupolas known as “ Sonittep 2900 ” which is character- 
ised by its low shrinkage and the numerous uses to which it can 
be put, a machine for salvaging core wires, a core-oven heater and a 
new comparison microscope for use in identifying graphite flake 
sizes and orientations. 

Modern Methods of Sand Testing. W. Y. Buchanan. (Institute 
of British Foundrymen: Foundry Trade Journal, 1938, vol. 58, 
Apr. 21, pp. 329—332). The author compares the results obtained 
by the sand-testing methods of the American Foundrymen’s 
Association and the British Cast Iron Research Association; in 
particular density values and indices of ramming are dealt with 
and in connection with this last series of values the test-piece of 
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the American Foundrymen’s Association is adversely criticised. 
The author suggests certain additions to and modifications in the 
American Foundrymen’s Association’s testing apparatus. 

Use of Plywood for Patternmaking. W. J. Grose. (Institute 
of British Foundrymen, South African Branch: Foundry Trade 
Journal, 1938, vol. 58, Apr. 28, pp. 346-347). The author describes 
some of the principal methods of using plywood in pattern-making. 
The chief factors to be considered when designing and constructing 
plywood patterns are that the pattern must entirely meet foundry 
requirements, that the use of plywood should result in a saving of 
time, and that a saving in the cost of materials should be effected. 
Typical plywood patterns are described in detail to illustrate the 
advantageous uses of this material. 

Pattern-Making in Relation to the Foundry. T. R. Harris. 
(Institute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 58, Apr. 21, pp. 333-336). The author illustrates certain 
features of importance in the making of patterns which contribute 
to the production of successful moulds for foundry purposes, by 
describing the production of patterns for a circular stand, a gear-case, 
gears and other representative forms. The reasons for certain 
pattern designs are discussed together with problems occasioned 
by tapers, fillets, loose pieces in patterns, dowels, studs, and the 
necessity for providing napping and lifting plates, which are con- 
sidered essential to good patterns. Difficulties caused by unsuitable 
core prints, core boxes and top prints are also dealt with. 

A Survey of Moulding Methods for Producing Repetition Grey 
Iron Castings. W. Gladwell. (Institute of British Foundrymen: 
Foundry Trade Journal, 1938, vol. 58, May 19, pp. 400-402). The 
author discusses first the fundamental principles of sand moulding 
and then passes on to a detailed consideration of repetition moulding 
with particular reference to grey-iron castings. The nature and 
use of pattern plates, the double-sided pattern plate which is usually 
worked on the floor, and the single-sided type generally worked on 
moulding machines are dealt with together with typical examples 
of moulds produced by their use. The relative merits of steel and 
cast-iron boxes are discussed and the use of cover cores is also con- 
sidered. The production of centrifugal castings in grey iron is 
briefly touched on and the author concludes his article with an 
examination of the costs involved in the use of plant designed to 
accelerate production. 

Control Block for an Hydraulic Drive. A. Hartel. (Giesserei, 
1938, vol. 25, May 6, pp. 215-216). The author describes the 
manufacture of the mould and cores for a complex casting forming 
part of an hydraulic drive. The cores were made in St. Péltner 
Grade IV. moulding sand. The casting was produced in an iron 
containing 3-45% of carbon and 1-82% of silicon. 

Chilled Rolls. A. F. Tosh. (Swansea Technical College Metal- 
lurgical Society, Mar. 19, 1938). After a brief preliminary note on 
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the history of chilled rolls and a reference to the advantages of 
casting from the reverberatory furnace as opposed to the cupola, 
the author discusses the operation of the former type of furnace 
in detail and notes particularly the benefits obtained by the use of 
pulverised-fuel firing. The types of irons suitable for chilled rolls 
for hot and cold working rolls are dealt with together with casting 
equipment (moulds and chills); particular reference is made to the 
composition and use of protective coatings for the chill face. 
Further details regarding the melting furnaces used are then given, 
after which the casting technique is examined. The influence of 
composition on chill, roll defects of various types and the manu- 
facture of compound rolls on the Continent are considered in the 
final sections of the article. 

The New Mechanised Foundry of R. A. Lister and Company, 
Limited. (Iron and Coal Trades Review, 1938, vol. 136, Apr. 29, 
pp. 732-733). New Foundry at Dursley. (Engineer, 1938, vol. 165, 
Apr. 29, pp. 480-481). The New Mechanised Foundry of R. A. 
Lister and Company, Limited. (Foundry Trade Journal, 1938, vol. 
58, Apr. 28, pp. 348-352, 354). An account is given of the new 
mechanised foundry of Messrs. R. A. Lister and Co., Dursley, 
Gloucestershire. The plant is considered under the headings of 
equipment for handling raw material, sand handling, charging the 
cupolas (which are of the balanced-blast type), moulding plant, core 
preparation, cleaning castings, pattern plates, and sand control. 
The account includes a detailed plan of the new foundry. 

Push Buttons Control English Foundry. V.Delport. (Foundry, 
1938, vol. 66, Mar., pp. 28-30, 80, 83). An account is given of the 
mechanised foundry of the Midland Electric Manufacturing Co., Ltd., 
Birmingham (England). The castings produced are for switch gear 
and consist mainly of flat box-like containers varying in weight 
from a few ounces to about 15 lb. Of three mechanised units 
planned, one is working at present and is producing 50 tons of 
finished castings per week. A feature of the system is that in each 
unit, sand conveying, mould-conveying and the operation of the sand 
plant are all interconnected and controlled from a single panel. Two 
cupolas supply the working unit with metal, one being of the bal- 
anced-blast and the other of the ordinary type. Moulding operations 
and the sand-reconditioning process are discussed in detail. The 
power consumption of the conveyors and sand-preparing plant is 
50-60 h.p. 
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(Continued from pp. 9 A—11 A) 


From Ore to Ship. The Maryland Plant of the Bethlehem Steel 
Company. (Iron and Steel Engineer, 1938, vol. 15, Apr., pp. 
B1-B36). A comprehensive account is given of the Maryland 
plant of the Bethlehem Steel Company, Sparrows Point, Baltimore. 
Blast-furnace and auxiliary equipment, rolling-mill plant and plant 
for the production of tinplate are among the subjects dealt with, and 
the account includes plans of the hot and cold tin mills and the 
56-in. hot strip and sheet mills. 

Modified Open-Hearth Design. (Iron and Coal Trades Review, 
1938, vol. 136, Apr. 15, p. 654). (See Journ. I. and S.I., 1938, 
No. I., p. 186 4). 

The Influence of Various Factors on the Oxidising Capacity 
of Open-Hearth Furnaces. Y. Shneerov and A. Ephshteyn. 
(Stal, 1937, No. 7, pp. 23-29). (In Russian). Data are presented 
regarding the variation of the oxidising capacity of an open-hearth 
furnace with the chemical composition of the charge, the duration 
of the various stages of the melting process, the weight of the charge 
and finally the effect of substituting slaked lime for limestone. It 
was concluded that the capacity of an open-hearth charge to undergo 
oxidation (amount of oxygen absorbed by the charge during the 
period of adding the charge and subsequent melting) varied for 
different furnaces and also varied for one and the same furnace, 
depending on a number of factors. As regards the chemical com- 
position of the charge, with an increase in the percentage content 
of ore, the oxidising effect of the flame on the charge is lowered, and 
this, at the same time, lowers the effect of various other factors—for 
example, that of the silicon content of the charge. The oxidising 
effect of the flame was found to increase slightly with an increasing 
carbon content and with an increasing liquid metal content of the 
charge. The oxidising capacity of the charge during the various 
stages of melting was different; in particular, it was considerably 
lower during the boiling period than during the various preceding 
stages. As regards the effect of the absolute weight of the charge, an 
increase in the latter will increase the surface area and time of contact 
between the charge and the flame, and consequently increase the 
total amount of oxygen absorbed by the charge per unit time. The 
amount of oxygen absorbed per unit weight of the charge and per 
unit time, however, is decreased with increasing total weight of the 
charge, as the ratio of the surface of contact between the charge and 
the furnace gases per unit weight is decreased. In this connection it 
is pointed out in conclusion that it is more correct to express the 
oxidising capacity of the open-hearth furnace in terms of the amount 
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of oxygen absorbed per unit weight of the charge per unit time, 
rather than in terms of units of oxygen absorbed by the whole 
charge during the whole of the period or during one hour of the 
melting process. 

Method of Economising in Manganese in the Open-Hearth Process. 
P. Bardenheuer and G. Thanheiser. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 6, pp. 67- 
75). The authors demonstrate by means of a series of melts pro- 
duced under industrial conditions that in both the acid and basic 
open-hearth processes, it is in many cases possible to operate with 
very low consumptions of manganese, and in so doing to interfere 
with neither the melting process nor the quality of the steel 
finally produced. It is noted that this method of working is not 
applicable equally to all melts produced by the open-hearth process, 
but that it does indicate the saving in manganese which may be 
effected. ‘Tabular and graphical data are presented regarding bath 
analyses of both slag and metal at different periods during the 
melting process. 

Mixers and Their Use in Steelworks. F. Lainé. (Génie Civil, 
1938, vol. 112, May 21, pp. 434-437). The author discusses the 
construction and operation of side- and end-pouring mixers, refrac- 
tory linings for mixers, the dimensions of mixers and methods of 
heating them, tilting mechanisms and the preparation of the mixer 
to receive a charge. A 600-ton cylindrical mixer installed in 1937 by 
the Aciéries de Longwy, Mont-Saint-Martin, is described. 

New Plant Makes Electric Steel. (Iron and Steel Engineer, 
1938, vol. 15, Mar., pp. 74-76). An account is given of the steel- 
making plant recently installed at the Sterling (Illinois) works of the 
North-Western Barb Wire Company. (See Journ. I. and §.I., 1938, 
No. I., p. 187 a). 

Comparative Investigation of Carbon and Graphite Electrodes in 
Are Furnaces for Steelmaking. H. Weitzer. (Stahl und Eisen, 
1938, vol. 58, May 19, pp. 542-546). The author discusses the 
production of carbon and graphite electrodes for are furnaces for 
steelmaking and examines data regarding electrode consumption, 
energy consumption and melting time obtained from three arc 
furnaces of 6-7-5 tons capacity using both types of electrodes. 
The graphite electrode is shown to withstand three times the load of 
the carbon electrode, whilst the consumption of graphite electrodes 
is about half that of carbon electrodes. Nevertheless graphite 
electrodes are expensive to use since their price (in Germany) is 3-6 
times that of carbon electrodes. 

Large Coreless Induction Furnaces in the Steel Industry. 6 and 
8 Ton Furnaces at Aosta (Italy). M. Kauchtschischwili. (Stahl 
und Eisen, 1938, vol. 58, May 12, pp. 520-523). An account is 
given of the Cogne Company’s iron and steel works at Aosta. Coal 
and iron ore are obtained from neighbouring deposits, but owing to 
the abundance of water power it is found more economical to use 
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electrical power. Pig iron is produced in ordinary blast-furnaces 
and in electric-blast furnaces which in time will replace the ordinary 
type entirely. Molten pig iron is transferred to an electrically heated 
mixer and afterwards to a converter from which it is again transferred 
mainly to an are furnace for the production of high-grade steel. 
The new 6- and 8-ton high-frequency induction furnaces are used 
chiefly for the production of special steels such as tool steel, high- 
speed steel, stainless steel and other high-grade alloy steels. Some 
details are given of the construction and operation of these furnaces, 
and comprehensive tabular data are presented regarding the heats, 
melting times and energy consumption. 

Viscosity Determinations of Slag Systems. J. R. Rait and R. 
Hay. (Journal of the Royal Technical College, Glasgow, 1938, 
vol. 4, Jan., pp. 252-275). The authors describe the construction 
of a rotating-inner-cylinder viscosimeter for determining the 
viscosities of fused silicates, the calibration of the instrument, and 
the results of a series of investigations on the viscosities of the 
lime-silica and lime-silicatalumina systems. The temperature 
range covered was from about 1200° to about 1600°C. The heating 
unit incorporated in the viscosimeter consisted of a molybdenum- 
wire-wound furnace. 

Inclusions in a Series of Bath Samples from an Electric Furnace, 
and a Note on Sulphides. J. H. Whiteley. (Journal of the West of 
Scotland Iron and Steel Institute, 1937, vol. 45, Dec., pp. 25-33). 
A report is presented of the Joint Discussion of the West of Scotland 
Iron and Steel Institute and the Iron and Steel Institute, London, on 
Section IIIa. of the Seventh Report on the Heterogeneity of Steel 
Ingots: ‘‘ Inclusions in a Series of Bath Samples from an Electric 
Furnace and a Note on Sulphides ” (Iron and Steel Institute, 1937, 
Special Report No. 16, pp. 23-55). A brief summary of the report is 
given. Among the contributors to the discussion were R. Hay, who 
referred to the microscopic examination of inclusions in steel ingots 
under dark-ground illumination or with polarised light ; A. McCance ; 
A. B. McIntosh, who referred to studies of the thermal systems 
involved in the deoxidation products of aluminium and silicon ; 
Graham, who referred inter alia to the heterogeneity he had observed 
in samples of basic slag from various parts of a furnace. Written 
contributions are also presented, together with a written reply to 
the discussion as a whole by J. H. Whiteley. 
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Automatically Controlled Ingot Soaking Pits Fired with Blast- 
Furnace Gas. G. H. Snyder. (Industrial Heating, 1938, vol. 5, 
Apr., pp. 334-340, 350-351, 360). An account is given of the con- 
struction and operation of the Rust regenerative soaking pit designed 
for firing with blast-furnace gas with or without the admixture of 
other gases. The pits are built in batteries and are so arranged that 
each hole of each battery is a unit in itself and is entirely independent 
of any other hole with respect to reversal, fuel, pressure and tem- 
perature. The controlling devices are almost fully automatic, and 
are actuated by a time clock which in turn operates a ‘‘ programme 
controller ’’ which is connected to an electrically operated valve. 

Investigations on Scaling Losses in Rolling-Mill Furnaces. IV.— 
Scaling on Batch-Type Furnaces, Its Relation to Scaling Losses in the 
Pusher- and Turn-Over Type Furnaces, and the Relationship between 
Scaling Loss and Heat Penetration. IF. Wenzel. (Stahl und Eisen, 
1938, vol. 58, May 5, pp. 481-491). A continuation of a previous 
series of investigations. (See Journ. I. and S.I., 1936, No. L., 
pp. 24.4, 1824; 1937, No. I., p. 123.4). The author examines the 
influence of heating time, ingot temperature and furnace atmosphere 
on the scaling losses of ingots reheated in a batch-type furnace fired 
with long-distance gas. In contrast to the furnaces used in the first 
experiments, the batch-type furnace was found to be more easily 
controlled as regards both temperature and atmosphere. It is 
noted that the data obtained cannot be applied without correction to 
cases where a pusher-type furnace is used. The corrections which 
must be applied are indicated. Comprehensive data are presented 
in tabular and graphical form. 

Furnace Conveyors. M. H. Mawhinney. (Industrial Heating, 
1937, vol. 4, Oct., pp. 839-850, 895-900 ; Nov., pp. 955-960; Dec., 
pp. 1051-1053; 1938, vol. 5, Apr., pp. 304-310). The author dis- 
cusses the different types of conveyors designed to handle material 
in its passage through industrial heating furnaces. Nine principal 
classes of conveyor are considered: Rails in various forms; chain 
conveyors; belt conveyors; roller hearths; car bottoms; batch 
furnaces with external handling; walking beams; rotary hearths ; 
miscellaneous types. 
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(Continued from p. 12 a) 


Die-Block Forge of Walter Somers, Limited, at Halesowen. 
(Iron and Coal Trades Review, 1938, vol. 136, Apr. 22, pp. 681-682). 
The distribution of the various units of the plant at Walter Somers, 
Ltd., die-block manufacturers, Haywood Forge, Halesowen, has 
been so arranged that from the forge furnace to the despatch 
department there is a straight run through, whilst the fullest 
possible use has been made of gravity conveyors to avoid un- 
necessary manual handling. The forging press is of the steam- 
hydraulic-operated type with a capacity of 800 tons. It is served by 
a 2-ton revolving-type die-block forging service manipulator, the 
structural and operating details of which are described in detail. 
Working in conjunction with the press are two three-chamber 
Stein and Atkinson producer-gas-fired furnaces. 

Deep-Drawing and Pressing Problems. J. D. Jevons. (Midland 
Metallurgical Societies, Mar. 31, 1938: Iron and Coal Trades 
Review, 1938, vol. 136, Apr. 15, pp. 643-644; Apr. 22, pp. 687- 
688). ‘The author presents a review of modern methods and practice 
for deep-drawing and pressing. The method of exerting the correct 
pressure on the blank-holder is first discussed and considered in 
relation to drawing defects. ‘‘ Deep-drawing”’ and “ pressing ”’ 
are next defined and the characteristics of different types of machines 
employed for carrying out the operations are commented upon, the 
advantages and disadvantages of different mechanisms being dis- 
cussed. In considering methods for assessing the deep-drawing or 
pressing qualities of sheet the author examines the indentation 
hardness test, the tear test, the cupping test, and microscopical 
methods of evaluating the suitability of the material. Defects in 
sheets are discussed in detail, whilst age-hardening, as a special 
type of defect in connection with material for deep-drawing or 
pressing, is considered under a separate heading. It is noted that 
““non-ageing ”’ steel immune to stretcher-strain markings and to 
ageing has been produced in England on a laboratory scale only. 

The Manufacture of Steel Wire and Some Related Processes. 
J. L. Schueler. (Wire and Wire Products, 1938, vol. 13, Apr., 
pp. 173-176, 204; May, pp. 234-237). After presenting a short 
history of wire-drawing, the author describes first the manu- 
facture of steel suitable for conversion to wire by a number of 
different processes. The production of wire rods is then dealt 
with, particular attention being paid to the cleaning of the rods 
prior to drawing. In the second part of the article general conditions 
relating to wire-drawing processes, the nature of the materials 
from which dies are made (chilled iron, steel, diamond and other hard 
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precious stones, and sintered carbide compounds), the wire-drawing 
operation, reduction practice, lubricants employed in wire-drawing 
and the weight and size of coils are first dealt with. An account 
is then given of the various heat treatments which may be given to the 
wire, including annealing, processing, normalising, patenting, and 
spheroidising. In conclusion, the production of various finishes is 
described, and the author deals with sull coating, bright or bright 
basic wire (7.e., the finish is that produced by the drawing operation 
alone and is not necessarily bright in colour), extra bright wire, 
coppered wire, and liquor finish (usually a light brass colour). 

Multiple Die Wire Drawing Machines. Improved Type of Die- 
Holder. (Wire Industry, 1938, vol. 5, Mar., pp. 161-162). An account 
is given of a cabinet-type totally-enclosed wire-drawing machine 
arranged for 11, 13, 17 or 21 dies for the wet-drawing of various 
non-ferrous alloys and stainless steel from a maximum inlet size of 
15 8.W.G. The maximum finished-wire speed is 1000 ft. per min. 
Details are given of the power transmission and speed-control equip- 
ment. The die-holders possess several novel features, which are 
detailed ; they are hollow and serve to convey an ample supply of 
drawing liquor to each die. 

Time Study in the Wire Industry. M. D. Jarvis. (Wire Industry, 
1938, vol. 5, Mar., pp. 173-174). The author comments on the 
advantages of a time-study system, the disadvantages of piece- 
work, the operation of time-study systems in the wire industry, and 
rate fixing on the basis of time-study data. Typical study sheets and 
a rate card are illustrated. 
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(Continued from pp. 13 4-15 a) 


Forty Years of Engineering in the Rolling Mill Industry. W. 
Trinks. (Iron and Steel Engineer, 1938, vol. 15, Mar., pp. 42-47). 
The author traces the development of rolling-mill equipment during 
the last forty years. Reheating furnaces, detailed items in mill 
construction, continuous, structural, and sheet and strip mills, 
tube mills and wire mills are dealt with. The author concludes 
with a brief survey of the past, present and future status of rolling- 
mill engineering. 

Work of Deformation of a Metal During Rolling. I. Kon- 
stantinov. (Stal, 1937, No. 7, pp. 30-45). (In Russian). The 
author examines at some length the problem of the work done during 
the rolling of a metal and develops formule for the calculation of 
this work. These formule are based on the assumption that the 
simplest method of determining the work done is to take into 
account the turning moment of the rolls about an instantaneous 
centre of gyration of the roll, which centre coincides with the 
starting-point of the arc of contact between the metal and the 
surface of the roll on the input side, taken at the point of inter- 
section between the surface of the roll and the line of centres. By 
this means it is possible to obtain a comparatively simple formula 
for the calculation of the work used up in deforming the metal 
during rolling. This formula takes into account the irregular 
distribution of the pressure of the metal on the roll, the flow of 
metal in advance of the roll during rolling and the work expended 
in friction between the metal and the roll. This formula can 
therefore be used, provided the turning moment of the motor driving 
the roll is known, as a means of calculating the pressure of the metal 
on the rolls and of the latter on the bearings and supports. 

Economy in Material by Using Roller Bearings. W. Boecker. 
(Stahl und Eisen, 1938, vol. 58, Apr. 28, pp. 451-455). The author 
discusses the economy in structural materials and lubricants and 
the lowering of losses due to bearing wear and friction which may be 
effected by the use of rolier bearings. The use of such bearings in 
a rolling-mill drive is referred to. 

Smear-Film Theory and Bearing Design. E. vom Ende. (Zeii- 
schrift des Vereines deutscher Ingenieure, 1938, vol. 82, Apr. 23, pp. 
505-507). The author presents a discussion on the mathematics of 
the lubricant film in a bearing and considers in detail the relationship 
between the data on the form and thickness of the lubricating 
film so obtained and operating conditions and bearing design. 

New Heavy Plate Mill for the Zenica Steel Works. (Iron and 
Steel Industry, 1938, vol. 11, Apr., pp. 259-263). A detailed account 
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is given of the plant at the new rail, structural and heavy plate 
mill which recently commenced operating at the Zenica Steel 
Works, Yugoslavia. (See also Journ. I. and §8.I., 1938, No. I., p. 
63 A). 

Experiments on the Cold Rolling of Steel Clad with Nickel, Copper 
and Brass. A. Pomp and G. Weddige. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 4, 
pp. 43-53). Test-pieces of steel clad on one side or both sides with 
nickel, copper and brass, and also test-pieces cut from the base 
metal and the cladding metal alone were cold-rolled with reductions 
of 10 to 15% ; the roll pressure, mean resistance to deformation, rate 
of increase in length and increase in breadth were determined. The 
influence of the cladding was to alter considerably the first and 
second properties, cladding on one side increasing the mean resistance 
to deformation and double-sided cladding reducing it. The rate of 
increase in length was higher in every case except that of steel 
clad with nickel on both sides, in which case the single-clad speci- 
men gave the highest value. The spread was practically un- 
affected by cladding. The tensile strengths of the clad-steel speci- 
mens were in general somewhat lower than those of unclad speci- 
mens, but the elongation was not affected. 

Britain’s Part in the Development of High-Speed Strip Rolling. 
C. E. Davies. (Midland Metallurgical Societies, Mar., 1938 : Sheet 
Metal Industries, 1938, vol. 12, Apr., pp. 416-418). High-Speed 
Strip Rolling. C. E. Davies. (Midland Metallurgical Societies : 
Metal Industry, 1938, vol. 52, Apr. 8, pp. 379-382; Apr. 15, pp. 
411-415). Having defined the term “ high speed ” as applied to 
strip rolling, the author presents reviews of American, British and 
Continental progress in high-speed strip rolling and discusses the 
methods by which the earlier difficulties encountered were overcome. 
He then gives details of the construction and performance of two- 
high, four-high and Steckel high-speed rolling mills. He concludes 
that with the elimination of practical difficulties even higher speeds 
will become practicable. 

Cold-Roll Forming of Strip Steel. H.W. Kane. (Iron and Steel 
Engineer, 1938, vol. 15, Apr., pp. 28-33). The author summarises the 
advantages of the cold-roll forming of light-weight sections and indi- 
cates the growing field of utility for such sections. Cold-roll forming 
yields sections produced to very close tolerances and, because roll- 
forming machines are readily adaptable to dealing with a very wide 
variety of sections in large or small quantities at an economical cost, 
they possess certain advantages in comparison with hot-roll section 
mills. The rolls of the cold-roll forming machine are readily changed 
and the machine can be adapted to undertake continuously a series 
of operations. The section produced on such a machine is smooth 
and possesses a high finish. 

Adds 56-Inch Strip Mill. C. R. Fox. (Steel, 1938, vol. 102, 
Apr. 25, pp. 38-41, 64). A description is given of the Bethlehem 
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Steel Company’s new continuous hot-strip, sheet and plate mill at 
Sparrows Point, Maryland. The maximum widths produced in the 
new plant are 48-in. for 16-gauge and heavier strip, 42 in. for 18- 
gauge and 36-in. for 19-gauge. A complete account is given of the 
cycle of operations involved in the rolling of slabs to sheet, notable 
features with respect to equipment employed at any stage in the 
process being detailed. 

New 96-inch Continuous Strip Mill has Monthly Capacity of 60,000 
Tons. (Sheet Metal Industries, 1938, vol. 12, Apr., pp. 409-413). 
An account is given of the plant and production of the Jones and 
Laughlin 96-in. strip mill. (See Journ. I. and §.I., 1938, No. I., p. 
191 4). 

Production of Tubes for Ball Bearings Using ‘‘ ShKh 15,” Steel. 
V. Shveykin and V. Ratnikov. (Stal, 1937, No. 7, pp. 46-55). 
(In Russian). The above Russian steel is a chromium steel analogous 
in composition to the steel used by the SKF and the American steel 
A.S.E. 52100. The conditions and properties to which the finished 
rolled tubes must conform are summarised and the conditions of 
heat treatment and subsequent rolling of the steel in order to obtain 
these properties are examined. The blooms are placed into a 
heating furnace having an initial temperature of 500-600° C. This 
temperature has been found satisfactory and does not cause cracking. 
The rate of heating can be calculated for different cross-sectional 
area of the blooms, using the formula Z = }KD hr. where D is the 
thickness of the bloom in meters and K a coefficient depending on 
the conditions of heating. The metal should be heated to 1180° C. 
and maintained at that temperature for 20-25 min. The rate 
of deformation used in the tube rolling mill should be half that used 
for the production of plain carbon steel tubes, and the temperature 
of the tubes at the end of the rolling process should be between 850° 
and 900°C. Tubes should be produced with an enclosed pass on 
a rolling machine, e.g., with a pass in which the tubes are rolled on 
a supporting mandrel, only one annealing being necessary. 

New Pipe Mill. (Steel, 1938, vol. 102, May 2, pp. 50-51, 74). 
An account is given of a new seamless-tube mill put into operation 
at the Youngstown (Q.) plant of the Youngstown Sheet and Tube 
Co. The capacity of the mill is rated at 300,000 tons per annum. 
Precise automatic control of operations is a feature of much of the 
equipment, which includes a 50-ton-per-hr. walking-beam billet 
reheater, double rotary kick-offs on conveyor tables and automatic 
length recorders. 

Low-Voltage Systems in Steel Plants. D. C. Neilson. (Iron 
and Steel Engineer, 1938, vol. 15, Mar., pp. 56-69). The author 
discusses first the necessity and a scheme for the study of prevailing 
conditions and demands as a preliminary to the installation of a low- 
voltage distributing system in a steel mill. Factors to be considered 
in making an economic study and details in tabular form regarding 
several recent installations of low-voltage systems in hot and cold 
mills are then presented. 
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Reference Tables for Iron-Constantan and Copper-Constantan 
Thermocouples. W. F. Roeser and A. I. Dahl. (Journal of 
Research of the National Bureau of Standards, 1938, vol. 20, Mar., 
pp. 337-355). The authors present tables giving corresponding 
values of temperature and thermal electromotive force at tempera- 
tures between — 200° C. and + 1000° C. for iron-constantan couples, 
and for copper-constantan couples between — 200° and + 400° C. 
The average values of the thermal electromotive force of copper, 
iron and constantan against platinum, and variations in thermal 
electromotive force which might be expected between samples of 
these materials from the same or different batches, are also dealt 
with. 

Note on a Novel Wiring System for Thermocouple Fyrometry. 
H. De Rycker. (Revue Universelle des Mines, 1938, vol. 14, Mar., 
pp. 299-301). An account is given of the thermocouple wiring 
system developed by Harrison Foote. The system is push-button 
operated. 

Comparison of the Temperatures of Molten Cast Iron and Steel as 
Determined by Photometric and Colour Pyrometers. (Génie Civil, 
1938, vol. 112, Mar. 26, pp. 274-275). A summary in French of an 
article by Guthmann which appeared originally in Stahl und Eisen, 
1937, vol. 57, Nov. 4, pp. 1245-1248; Nov. 11, pp. 1269-1279). 
(See Journ. I. and §.I., 1938, No. I., p. 65). 
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(Continued from pp. 16 4-20 a) 


Silicon Impregnation of Iron and Steel. H. K. Ihrig. (Metal 
Progress, 1938, vol. 33, Apr., pp. 367-372). Forged, rolled or cast 
low-carbon steel with as low a sulphur content as possible is par- 
ticularly suited to impregnation with silicon by the following process : 
The articles to be treated are packed in a rotary or pot type furnace 
with silicon carbide, ferro-silicon or a mixture of the two, raised to a 
temperature of 1700-1850° F. and then subjected to the action of 
chlorine, which appears to attack the silicon compound preferentially, 
liberating, it is thought, silicon in a nascent state which rapidly 
diffuses into the surface of the steel. The components and plant are 
not seriously attacked at working temperatures by the chlorine used. 
Higher carbon steels may also be treated, but require longer treat- 
ment for any given thickness of case; high-sulphur free-cutting 
steels yield a case which is liable to be penetrated when exposed to 
corrosive media, thus permitting attack of the core and subsequent 
spalling of the case. White and malleable cast irons can be treated, 
but difficulties arise owing to the high sulphur contents of these 
materials ; grey iron also contains too high a sulphur content to 
yield a satisfactory case, and in addition swells badly at the tempera- 
ture of treatment. The components treated by this process swell 
slightly. The silicon content, which on the outside of the case may be 
over 14%, drops only slowly towards the inner boundary of the case, 
which may thus be ground to a considerable depth without destroy- 
ing the best part of the cemented layer. Parts are not quenched 
after treatment. Where design permits, cold straightening is 
possible to a limited extent, but considerably greater adjustment of 
shape may be carried out at 1200° F. The ductility of the case is 
less than that of the core, but treated tubes may be rolled by special 
methods. Sharp corners should be rounded off to give support for 
the case, which will stand heavy hammering without spalling. 
No heat treatment of the case is possible, but the core may be 
subjected to any suitable treatment desired. The silicon case is 
magnetic and gives little sparking when ground. Silicon-impreg- 
nated articles are resistant to nitric, sulphuric and hydrochloric 
acids, with decreasing resistance in the order named. A com- 
prehensive account is given of the corrosion- and wear-resistant 
properties of the case, which is not recommended for high-velocity 
abrasion as in sand-blasting. It is noted that the case absorbs a 
small but appreciable amount of oil; the significance of this is 
indicated. Some typical applications of silicon-treated parts are 
described. 














HEAT TREATMENT. 83 A 


Packard uses Induction Process to Case Harden Camshafts. 
W. F. Sherman. (Iron Age, 1938, vol. 141, Mar. 31, pp. 34-35). 
Camshafts are hardened at the Detroit works of the Packard Motor 
Car Co. by the Tocco inductive heating process. Each cam is 
heated separately to 1500° F. in 5-5 sec. and quenched by a water 
spray. ‘The nose of the cam is hardened to a depth of 0-25 in., with 
a depth of 0-125 in. at the back of the cam. The output of the 
equipment is 60 shafts per hr. 

Develops Liquid Seal for Car-Type Furnaces. (Heat Treating and 
Forging, 1938, vol. 24, Mar., pp. 147-148). An account is given of 
the construction and operation of a liquid-sealing device for car-type 
furnaces, which, without it, suffer from certain inherent disadvan- 
tages from a thermal and control standpoint due to design. The 
sealing device is said to provide and maintain a permanent seal 
between the car and furnace and to enable the furnace atmosphere 
and temperature to be maintained uniform within close limits. 

Electric Heat Treatment for the Modern Car. W. F. Ross. 
(Iron Age, 1938, vol. 141, May 5, pp. 39, 72-73). A description is 
given of the controlled-atmosphere scale-free hardening furnace 
installed by the Pontiac Motor Co. for heat-treating automobile 
axles. The controlled atmosphere is produced in an Elfurno 
generator. Some details of the heat-treatment cycle are also 
presented. 

Forced-Circulation Heat Treatment Furnace. (Engineering, 
1938, vol. 145, May 20, pp. 577-578). An account is given of the 
“Cyclone ” furnace—a forced-circulation heat-treatment furnace— 
constructed by the Lindberg Engineering Co., Chicago, Ill. The 
gas circulates at the rate of 176 ft. per minute. The furnace is 
designed to operate at a maximum temperature of 1400° F., and is 
either gas fired or electrically heated. 

The Application of Electric Furnaces in the Automobile Industry. 
A.G. Robiette. (Journal of the Institution of Production Engineers, 
1938, vol. 17, Apr., pp. 249-261). The author first deals with the 
general advantages of electrical heating with particular reference to 
the automobile industry, and then passes on to a more detailed 
consideration of electric furnaces of two main types : Arc furnaces for 
melting and resistance furnaces for heat treatment. The first type 
is discussed with reference to the melting and superheating of 
special cast iron; constructional and operating data are given and 
some typical applications of electric-furnace iron are noted. 
Resistance furnaces are considered under the headings of those for 
tool-room heat-treatment purposes, for carburising, for nitriding, 
for the heat treatment of components on a production basis, and for 
brazing. The production and utilisation of protective atmospheres 
are also dealt with. 

Gear Manufacture : With Special Reference to Finishing. W. J. 
Anstey. (Journal of the Institution of Production Engineers, 1938, 
vol. 17, May, pp. 263-287). The author discusses the manufacture 
of gears for automobiles, their heat treatment and finishing. 
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Scale-Free Hardening of Bolts Continuously. W. F. Ross. 
(Industrial Heating, 1938, vol. 5, Apr., pp. 312-316). Hardening 
equipment and practice at the National Screw and Manufacturing 
Co., Cleveland, Ohio, are described. (See Journ. I. and 8.I., 1938, 
No. I., p. 194 a). 

The Production and Hardening of Milling Cutters and High- 
Speed Cutting Tools. O. S. Cook. (Metals Treatment Society of 
New South Wales, Feb. 22, 1938 : Australasian Engineer, 1938, vol. 
38, Mar. 7, pp. 20-22, 38). The author discusses briefly the selec- 
tion of tool steels for particular purposes, factors influencing the 
successful hardening of tool steels, the equipment and technique for 
heat-treating tool steels (with particular reference to high-speed 
steel), the cycle of operations involved in the production of a high- 
speed-steel cutter and of a high-speed-steel ground-thread stay tap. 

Hardenability, as it Affects Heat Treated Parts. M. A. Grossmann. 
(Western Metal Congress, 1938 : Metal Progress, 1938, vol. 33, Apr., 
pp. 373-376, 432, 436). Several methods “have recently been pro- 
posed for determining quantitatively the susceptibility of a steel to 
be hardened when quenched. The author favours an exploration of 
the variation in Rockwell hardness from edge to centre, and points 
out that the appearance of the fracture or the hardness of the centre 
of the specimen may lead to false conclusions. 
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On the Technique of Welding. A. Portevin. (Société d’En- 
couragement pour l|’Industrie Nationale: Revue de la Soudure 
Autogéne, 1938, vol. 30, Apr., pp. 366-368). The author summarises 
the present status of welding technique, discusses certain aspects in 
connection with the application of welding to structural work and 
methods of controlling the quality of welds, particularly with respect 
to their mechanical properties, and considers at some length the 
various factors comprised under the term “ weldability.” In con- 
clusion the training of welders is briefly touched on. 

Argon. W. Kroll. (Metallwirtschaft, 1938, vol. 17, Apr. 29, 
pp. 463-465). The author notes that the price of argon could 
probably be considerably reduced if it were used in large quantities 
for metallurgical purposes as a protective atmosphere. In contrast 
to hydrogen it does not diffuse into iron. 

Welding Generators. J. W. Macfarlane. (Engineer, 1938, vol. 
165, Apr. 29, pp. 468-470). The author considers in detail the 
requisite output characteristics of welding generators for single- and 
multi-point use. For modern electrodes it is shown that a circuit 
voltage of at least 60 is required for satisfactory universal use. The 
author next discusses the requirements of the supply dynamo which 
will provide this circuit voltage and shows how by adherence to 
certain designs the necessary conditions may be fulfilled. The 
characteristics of multi-operator sets possessing some or all of these 
features recently supplied to a certain dockyard are examined in 
detail, the results of the investigation being presented in tabular and 
graphical form. 

Alternating-Current Arc Advance. ©. J. Holslag. (Iron and 
Steel Engineer, 1938, vol. 15, Mar., pp. 48-55, 69). The author 
discusses welding by the metallic shielded-are process, the equipment 
for welding by this process and the characteristics of welds produced 
by it; submerged fluxed alternating-current are welding and auto- 
matic alternating-current arc welding are similarly treated. Under 
the heading of special uses of alternating-current welding the follow- 
ing features are dealt with: Series arcs, the gas-bathed arc, semi- 
flash arc, hydrogen flame or “ atomic ” arc, double carbon arc, and 
the application of the alternating-current arc to the welding of cast 
iron and manganese steel. The high-frequency alternating arc is 
dealt with in some detail. The higher the frequency the more easily 
is the are sustained, and reference is made to motor-generators 
operating at 3000 r.p.m. to give a frequency of 200 cycles. Fre- 
quencies of the order of 100 kilocycles obtained by spark-gap or tube 
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oscillators possess certain special characteristics which are briefly 
referred to. 

Thermal Study of Arc Welding. D. Rosenthal and R. Schmerber. 
(Welding Journal, 1938, vol. 17, Apr., Supplement, pp. 2-8). The 
authors present the results of an experimental verification of a 
theoretical formula expressing the heat distribution in are welding. 
It is shown that close agreement exists between theory and practice 
within the limits of applicability of the formula, which, whilst 
verified only for the case where the temperature is constant across 
the thickness of the plate being welded, may be assumed on good 
grounds to be of general application. 

Resistance-Welding Fabrication. J.M.Cooper. (Welding Jour- 
nal, 1938, vol. 17, Apr., pp. 24-28). The author presents a review 
of resistance-welding processes; spot-welding, seam-welding, pro- 
jection-welding and butt-flash welding are each considered in detail. 
Equipment for carrying out these processes is also described, par- 
ticular attention being paid to recent improvements in design. 
Some indication is given of appropriate applications for each of the 
processes described. 

Shielded Arc-Welding Electrodes. F. E. Garriott. (Welding 
Journal, 1938, vol. 17, Mar., pp. 12-16). The function of the coating 
on an electrode for arc welding is discussed together with the com- 
positions of the coatings. The author classifies the various types of 
shielded-arc electrodes as follows: Gas shielded, slag shielded (high 
titanium-dioxide type), and slag shielded (high iron-oxide type). 
The composition of each type of coating is given and the mechan- 
ism of their action is explained. In conclusion low-alloy electrodes 
and electrodes for arc-welding stainless steels are dealt with, with 
particular reference to the nature of the coatings. 

Synchronisation of Current and Pressure in Spot Welding. 
J. 8. Williams. (Welding Journal, 1938, vol. 17, Apr., pp. 29-34). 
In an introductory section the author describes the mechanism of the 
spot-welding process and discusses various methods employed to 
effect synchronisation between current and pressure. A series of 
experiments designed to ascertain the effect of certain conditions 
which exist during the welding cycle on the microstructure and 
physical properties of the weld is then discussed. An experi- 
mental apparatus is described, consisting of a 100-kVA. synchro- 
matic press welder of a fully automatic type the moving parts of which 
were driven by a 3-phase motor fitted with a variable-speed drive. 
Data are presented in tabular and graphical form regarding the 

time relationship between current and pressure while experimental 
spot welds were being carried out, and the physical and mechanical 
properties of such welds are discussed in relation to welding con- 
ditions. By the use of a simple synchronisation circuit in conjunc- 
tion with a cycle recorder it is shown that the current-dwell can be set 
and maintained with respect to the applied pressure to a high degree 
of accuracy. 
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Measurement of the Spot-Welding Machine Variables. G. S. 
Bernard, jun. (Welding Journal, 1938, vol. 17, Mar., pp. 23-25). 
The variables in a welding machine which affect the quality of the 
weld are the welding current flowing through the spot, the electrode 
pressure applied during the time of current application, and the 
duration of the welding current. The author describes the methods 
for calibrating a spot-welding machine with respect to these values. 
Graphical data are presented. 

Stainless Steel Welding is Particularly Applicable to Higher Alloy 
Steels. F.D.Gordon. (Sheet Metal Industries, 1938, vol. 12, Apr., 
pp. 464-466). The author refers briefly to the physical, chemical 
and mechanical properties of the different types of stainless steel and 
to their weldability ; in particular weld decay and its causes and 
prevention are referred to. The oxy-acetylene, the atomic-hydrogen 
and the carbon-arc processes are described and their suitability for 
welding stainless steels is discussed. Spot and seam welding are 
also dealt with, with special reference to methods for controlling the 
duration and pressure of contact. 

The Welding of the High Chromium and Chromium-Nickel 
Stainless Type Alloys. T. R. Lichtenwalter. (Welding Journal, 
1938, vol. 17, Apr., pp. 20-22). The author discusses first the 
oxy-acetylene welding of plain chromium stainless steels. Since the 
thermal conductivity and the coefficient of expansion of this group 
of steels are somewhat less than those of mild steel, the layout of the 
work for welding will resemble that for this latter material; owing 
to the lower heat conductivity of the chromium steels, however, 
thin-gauge sheet may cause difficulty by warping, and measures 
are described to overcome this. By peening the weld while it is still 
hot the ductility of the joint may be improved. * It is noted that 
welds in plain chromium steel will require to be annealed only when 
intended for exposure to nitric acid. For tacking, an 18/8 chrom- 
ium-nickel steel filler rod is recommended, the weld being finished 
with a rod of the same composition as the sheet itself. The austenitic 
nickel-chromium steels are readily welded, and difficulties caused by 
low heat conductivity and high coefficient of expansion may be con- 
trolled by the choice of a suitable design. The actual welding 
operations for both plain chromium and nickel-chromium stainless 
steels are practically the same. Arc welds on plain chromium 
stainless steels are brittle unless certain precautions are taken ; 
the author recommends a suitable procedure to overcome this. 
Austenitic stainless steels are readily arc welded, and annealing of 
the joint is seldom required. In the concluding part of his article 
the author discusses general procedures for welding both types of 
stainless steel. Reference is made to the jointing by welding of 
other ferrous and non-ferrous metal parts to stainless steel, and the 
method of doing this and certain precautions which must be observed 
are outlined. Resistance and flash welding are also briefly men- 
tioned. 
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New Outlooks on the Choice of Weldable Steels for Aircraft 
Construction. G. Calbiani. (Metallurgia Italiana, 1938, vol. 30, 
Apr., pp. 171-180). The author enumerates briefly the advantages 
of using steel and of welding in aircraft construction and then goes 
on to describe the principal types used in recent years for this pur- 


pose. These are carbon steel with a minimum tensile strength of 


40 kg. per sq. mm., and chromium-molybdenum steel with a tensile 
strength of 65-80 kg. per sq. mm. The latter steel withstands the 
heat of the welding flame or of the welding are satisfactorily, but 
presents a tendency to hot cracking in the vicinity of the welded 
seam. Among the suggestions advanced for avoiding this weld 
sensitivity the most important is that of reducing the carbon content 
of the steel. A limiting value of 0-3°% of carbon is recommended. 
Simultaneously by modifying the composition of carbon steel its 
minimum tensile strength may be raised to 45 kg. per sq. mm. 
Other types of high-duty steel are considered, particularly those in 
which manganese is added to increase the tensile strength ; a man- 
ganese-molybdenum steel containing 0-28°% (max.) of carbon, 1-3- 
1-6% of manganese, and 0-15% (min.) of molybdenum is especially 
noted, and its mechanical properties and welding characteristics are 
discussed at some length and compared with those of chromium- 
molybdenum steel. Welding technique is also considered with 
particular reference to atomic arc welding. 

Welding in the Petroleum Industry. H. 8S. Card. (Welding 
Journal, 1938, vol. 17, Mar., pp. 3-8). The author considers the 
applications of welding in the fabrication and maintenance of 
petroleum refinery and storage equipment. Considerable space is 
devoted to a description of the production and characteristics of 
welded pressure Vessels. 

Reclamation of Textile Mill Parts. H.Comer. (Welding Journal, 
1938, vol. 17, Mar., pp. 9-11). The author indicates briefly the 
applications of welding in the reclamation and maintenance of 
textile machinery. 

The Metallography of Welds. O. H. Henry. (Welding Journal, 
1938, vol. 17, Apr., pp. 8-14). The author outlines the metallo- 
graphy of carbon steels and notes particularly the effects of mechan- 
ical working and heat treatment on the structure of these materials. 
The subject is discussed from the standpoint of welding technique. 

Mechanical Properties of a Welded Joint. J. R. Baird. (Journal 
of the Royal Technical College, Glasgow, 1938, vol. 4, Jan., pp. 
304-317). The author presents the results of an investigation on a 
butt-welded joint 2-5 in. thick, to determine the variations in mech- 
anical properties of the weld metal, the weld junction and the 
parent metal adjacent to the weld. Considerable differences were 
observed in ductility, hardness and impact strength. 

German Fatigue Tests on Welds. O. Graf. (Welding Journal, 
1938, vol. 17, Mar., Supplement, pp. 2-9). A translation of the 
Report of the German Structural Steel Committee, Series B, No. 
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8, 1937. The report deals with the results of experiments on the 
effect of the shape of the ends of welded reinforcing plates in tension 
members and of welded flange-stiffening plates on girders, and is 
very comprehensive. Many tabular data are included. It is con- 
cluded that diamond-shaped ends are not satisfactory for re- 
inforcing straps, which should be of the same width throughout and 
provided with heavy end fillet welds. If a high-strength joint is 
required the junction between the end fillet and tension member must 
be radiused. (See also Journ. I. and 8.I., 1938, No. I., p. 275 4). 

The Effect of Nitrogen on the Welding of Steel. A Review of the 
Literature to July 1937. W.Spraragen and G. E. Claussen. (Welding 
Journal, 1938, vol. 17, Apr., Supplement, pp. 9-30). The metal 
deposited by bare electrodes may contain 0-081-0-228% of nitro- 
gen; the average appears to be 0-10-0-:15%. Covered-electrode 
deposits may contain as little as 0-003% of nitrogen or as much as 
0-067%, but a high-grade covered-electrode deposit may be relied 
upon to contain not more than 0-:02%. Cored-electrode deposits 
contain 0-065-0-120% of nitrogen, whilst oxy-acetylene welds 
contain 0-006-0-028%. Atomic-hydrogen welds have been found to 
contain 0-013-0-026% of nitrogen and carbon are welds prepared in a 
hydrogen atmosphere appear to contain 0-02-0-046% of nitrogen. 
Nitrogen to the extent of 0-1% in electrolytic iron raises the yield 
point from 22 x 10° lb. per sq. in. to 23 x 10% lb. per sq. in., the 
ultimate tensile strength is increased from 38 x 10° to 40 x 10° 
lb. per sq. in., whilst the elongation drops from 48% to 35%, on 2 in. 
By quenching, this ductility may be reduced to zero. The authors 
summarise published data on the influence of nitrogen on the 
mechanical and physical properties of welds in steel. 

Shrinkage Distortions and Shrinkage Stresses in Welding. G. E. 
Claussen. (Welding Journal, 1938, vol. 17, Mar., pp. 17-21). 
Shrinkage distortion and shrinkage stresses in welding both arise 
from the local and usually large temperature inequalities inherent 
in all common welding processes; apart from their common origin 
they are unrelated, and a cure for one may serve to provoke the other. 
Shrinkage stresses are either reaction stresses or residual stresses. 
The first type occurs in parts welded under restraint ; the reaction 
stresses may be minimised by correct weld sequence. Residual 
stresses may be minimised by preheating and removed almost 
entirely by suitable heat treatment. Peak stresses in assemblies 
not previously heat-treated to relieve stresses are equalised to a 
large extent in service. 
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The Influence of Rate of Deformation on the Tensile Test with 
Special Reference to the Yield Point in Iron and Steel. C. F. Elam. 
(Proceedings of the Royal Society, 1938, vol. 165, Series A, Apr., 
pp. 568-592). The results of a detailed investigation are pre- 
sented on the influence of the rate of deformation on the tensile 
test with special reference to the yield point in iron and steel. 
Among the materials tested were Armco iron and mild steels con- 
taining 0-08 and 0-248% of carbon. A comparison was made of 
tensile tests in Buckton and autographic machines, particular 
attention being devoted to the nature of the deformation at the yield 
point. The effect of the rate of deformation on the stress-strain curve 
of iron, steel and copper was studied, the effect of rests at different 
stages of extension being examined, and tensile tests were carried 
out on aluminium alloys. Comprehensive tabular and graphical 
data are presented. It is concluded from the results of this investiga- 
tion that the rate of application of load should be stated in all tests, 
particularly when an autographic machine of the spring type is 
used. 

The Distortion of Metals by Cold Working. H. A. Wainwright. 
(Proceedings of the Institution of Mechanical Engineers, 1937, 
vol. 137, Nov.—Dec., pp. 311-332). The author deals with current 
conceptions of cold-working and its varied effects on the metal under- 
going deformation. The mechanism and behaviour of single crystals 
and polycrystalline aggregates whilst undergoing deformation 
by cold-working are outlined. Two aspects are treated, namely, 
block slip and twinning. The X-ray examination of a polycrystalline 
metal under deforming stresses is referred to together with the 
formation of Liiders lines. The effect of cold-work on the mechanical, 
physical, electrical and chemical properties of metals is then con- 
sidered in detail. In conclusion the more important theories 
dealing with various aspects of cold-working are reviewed. 

The Measurement of Residual Stresses in Welds by X-Rays. 
R. A. Stephen. (Transactions of the Institute of Welding, 1938, 
vol. 1, Apr., pp. 108-116). The author presents a discussion on the 
mathematical bases of the method for determining residual stresses 
(in welds) by X-rays, and describes in detail the apparatus and 
experimental technique employed in an investigation of stresses 
in welds by this method. A study of the stresses in an experimental 
pressure vessel is dealt with at length. 

Defects in Steel. J. A. Duma. (Heat Treating and Forging, 
1938, vol. 24, Mar., pp. 120-125, 142). The first of a series of articles 
presenting in the complete form a comprehensive survey of in- 
herent and acquired surface and subsurface defects in steel. In 
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this article the author considers forging cracks. This type of 
defect is defined, its origins are discussed, and methods of detecting 
and overcoming it are considered. In particular the influence of 
various alloying elements and of overheating in promoting forging 
cracks is dealt with. 

Fatigue Bend Test on Flat Bent Test-Pieces. K. Ottitzky. 
(Dissertation, Technische Hochschule, Vienna, 1936: Zeitschrift 
des Vereines deutscher Ingenieure, 1938, vol. 82, Apr. 23, pp. 501- 
502). The author describes a fatigue testing machine developed 
primarily to determine the effect of angular corners on the bending 
fatigue strength of flat bars. The construction of this machine is 
such that the load is applied by means of a weight through a spring, 
the specimen being mounted on a rotating disc and coupled to the 
stressing unit by means of a special eccentric device. Experiments 
were carried out on StC 35.61 (0-36% carbon), normalised at 850° C. 
and annealed to relieve stresses at 500° C. Results are presented in 
tabular form and are compared with those obtained on test-pieces 
not provided with an internal corner. The results are subsequently 
examined from a mathematical standpoint in order to determine 
the true effect of the corner or internal angle. 

The Relationship between Bending-Tensile Strength and Alter- 
nating Bend Strength. E. Mohr. (Zeitschrift fiir Metallkunde, 
1938, vol. 30, Feb., pp. 71-73). Results obtained from bending- 
tensile tests on certain non-ferrous and ferrous alloys indicate that 
in the case of the latter the values obtained for this test are identical 
with the endurance strength as determined for 2-5 x 10° cycles. 
The author presents diagrams which illustrate the close relationship 
between the two tests, and shows that the endurance test is merely a 
limiting case of the bending-tensile test. The bending-tensile test, 
which consists of alternating bending coupled with a superposed 
tensile load, takes only two hours to carry out, but must not be 
considered equivalent to a “ short time ’’ endurance test. 

Fatigue Testing of Steel Wires under Fluctuating Tensile Stress. 
II.—Influence of the Drawing Conditions on the Fatigue Strength of 
Steel Wire in Tension under Stresses Fluctuating Between a Minimum 
and a Maximum Value. A. Pomp and M. Hempel. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, 
No. 1, pp. 1-14). The fatigue strength under tensile stresses fluctuat- 
ing between maximum and minimum values was determined on 36 
steel wires of the same chemical composition produced from rods of 
the same initial diameter with different degrees of reduction per 
pass, different drawing media, and a die angle of 15°. To determine 
the fatigue strength the Wéhler curves were plotted diagrammatic- 
ally, and it was found that with increasing cold-working the angle of 
bend in the Wohler curves before reaching the limit of 2 x 10° 
fluctuations remained practically constant for series drawn under 
any given set of conditions. In the case of the steel wires investigated, 
no definite relationship between the fatigue strength and the re- 
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duction per pass or the lubricant was observed for equal total 
reductions, nor did it prove possible to correlate the fatigue strengths 
obtained with bend or torsion test data. Nevertheless the fatigue 
values obtained ran a closely parallel course to the tensile-strength 
values. 

Influence of Fillets and Diametral Holes on the Bending Fatigue 
Strength of Stepped Shafts. E. Lehr and R. Mailinder. (Archiv 
fiir das Eisenhiittenwesen, 1938, vol. 11, May, pp. 563-568). The 
influence of fillets and diametral holes on the alternating bend 
strength of various steels was investigated on test-pieces of 9 
and 30 mm. diameter. For equal ratios of the radius of the 
fillet or the diameter of the hole to the diameter of the test-piece, 
the alternating bend strength increased with increasing tensile 
strength of the material of which the specimen was made. With 
a very sharp step in the shaft, however, the increase was very small. 
The percentage decrease in fatigue strength consequent upon drilling 
holes or making steps in the specimen became greater with increasing 
tensile strength of the specimen. The notch effect was somewhat 
greater with thick than with thin specimens. The ratio of the 
fatigue strengths of large and small specimens was surprisingly 
similar in the case of the steels examined, but the differences became 
more marked with more pronounced notch effects. In the case of 
specimens drilled diametrally certain steels exhibited a minimum 
fatigue value for a given ratio of hole diameter to test-piece diameter. 
This has been observed by other workers but no definite explanation 
has been advanced to account for the phenomenon. 

The Fatigue Strength of Rolled Beams. (Welding Journal, 
1938, vol. 17, Mar., pp. 11-13). An abridged translation of an article 
by Biihler which appeared originally in Stahlbau, 1938, vol. 11, 
Jan. 21. Fatigue tests were carried out in an Amsler pulsator 
(132,000 lb. capacity and 300 cycles per min.) on nine H girders 
variously drilled or stiffened in different ways. The results of the 
tests are recorded in tabular and graphical form. It is noted that the 
permanent deformations after fatigue fracture are very much smaller 
than those observed after a static test, and the validity of designing 
beams on theories based on plastic action is queried for cases where 
the structure is to be subjected to fatigue stressing. 

Increasing the Endurance of Screws by Compression of the 
Thread. E. Wedemeyer. (Mitteilungen des Wohler Instituts, 
Braunschweig, 1938, No. 33, pp. 3-54). The author shows as a 
result of his investigations that the endurance limit of screws can be 
considerably increased by compressing the material at the root of 
the thread, the load applied by means of a roller when doing this 
being so chosen that the entire root of the thread is compressed. 
Even when dealing with rolled threads, in which case the thread is 
formed entirely by a rolling operation, the endurance may be 
increased by as much as 10% by subsequently compressing the 
base of the groove of the screw by means of pressure applied with a 
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rolling tool. It is often found in the case of cut screws that the thread 
is so formed that a pressure roll can be applied to the whole surface 
of the groove. Screws with cut threads may have their endurance 
raised by as much as 12-20% by the treatment described; with 
screws cut in St 60.11 an increase in strength of 40% was obtained, 
whilst with ground threads an increase in the endurance strength of 
25-27° was determined. For each type of material the most favour- 
able rolling pressure must be found. The optimum peripheral angle 
on the rolling tool with which the pressure is applied should in 
general be about 5° less than the angle included by the sides of the 
thread. The roller must be very accurately made and in a very hard 
steel in order that it shall not itself deform while being used. (See 
following abstract). 

Surface Compression and Internal Compressive Stresses. 0. 
Féppl. (Mitteilungen des Woéhler Instituts, Braunschweig, 1938, 
No. 33, pp. 55-65). The author presents a critical commentary on 
the commonly accepted explanation for the favourable effects of 
surface compression on the durability of screws (namely, that com- 
pensatory internal compressive stresses are set up), and considers 
that such favourable effects are to be attributed to the removal of 
surface imperfections and to the consolidation of the surface. A 
critical analysis is made of the internal stress and strain processes 
occurring in the material subjected to compressive loadings of the 
type under discussion. In a concluding remark the author suggests 
that if his explanation of the beneficial influence of surface com- 
pression is correct, then the process should be particularly valuable 
for combatting the erosion associated with cavitation phenomena. 
Since surface imperfections of any type tend to promote attack, 
surface consolidation by compression should enhance the resistance 
of the material to erosion of this type. (See preceding abstract). 

Simple Method for the Determination of Mechanical Vibrations. 
F. Allendorff. (Zeitschrift des Vereines deutscher Ingenieure, 1938, 
vol. 82, May 14, pp. 569-574). A portable instrument is described 
for determining the frequency and amplitude of vibrations in moving 
machinery. From data obtained with this apparatus the dynamic 
stresses in moving parts may be evaluated. The instrument has 
hitherto been used chiefly in connection with investigations on 
internal combustion engines but possibilities for its extended use are 
indicated. The characteristics of the vibration are recorded 
photographically and the apparatus is electrically actuated. 

Mechanism of Wear in Metals. T..U. Matthew. (Journal of the 
Royal Technical College, Glasgow, 1938, vol. 4, Jan., pp. 360-375). 
Commencing with a note regarding the limitations of comparative 
wear tests, the paper describes experiments in which a new approach 
has been made to the problem of wear mechanism in metals. This 
approach is divided into three main lines of enquiry : X-ray examina- 
tion of wear products from abraded steels, which show that the 
crystal structure can be completely broken down to its basic dimen- 
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sions, indicating severe stressing during sliding contact ; a study of 
contact temperatures and of violently fluctuating values of the 
friction force acting between dry metallic surfaces, which indicates 
that the severe stressing present leads to a type of “ surface fatigue ”’ 
breakdown when the fatigue limit is reached; increasing tempera- 
tures are found to cause very large increases in the hysteresis loss of 
steels subjected to alternating stress, and this high internal damping 
at temperatures up to 800° C. leads to important conclusions regard- 
ing the surface wear process. It is suggested that the high tempera- 
tures on sliding steel surfaces are caused by highly-damped surface- 
fatigue action as much as by the shearing of metallic bridges 
formed at points of contact. Further, these high temperatures 
result not only in the initial formation of “‘ wear rust,” but 
finally lead to localised fatigue failure and consequently to surface 
wear, 

Machinability of Steels. J. D. Armour. (Western Metal Con- 
gress, 1938: Heat Treating and Forging, 1938, vol. 24, Mar., pp. 
130-134, 142). (See Journ. I. and 8.1., 1938, No. I., p. 286 a). 

Permanent Magnet Materials and their Heat Treatment. J. B. 
Peile. (Wild-Barfield Heat-Treatment Journal, 1938, vol. 2, Mar., 
pp. 99-103). The author classifies steels available for the manu- 
facture of permanent magnets into three groups: Tungsten and 
chromium steels, cobalt steels, and nickel-aluminium-iron alloys. 
‘For comparatively weak magnets and those where a long length can 
be employed, a steel containing 6-0% of tungsten or 3-5% of 
chromium may be used; the precautions to be observed in the 
heating and forging of these steels are discussed. The cobalt steels 
attain their maximum efficiency at a cobalt content of 35%; in 
practice the intermediate range of steels used contains 3, 6, 9, or 15°, 
of cobalt. The heat treatment and forging of this group is described 
in detail. Permanent magnet alloys of the iron-nickel-aluminium 
(Alni) or iron-nickel-aluminium-cobalt (Alnico) types cannot strictly 
speaking be classed as steels. The author describes the magnetic 
properties of these alloys at length and outlines the technique and 
purpose of heat-treating them. 

The Ferrometer, a Useful Instrument for Testing Magnetically 
Soft Steel. IE. H. Lundgren. (Teknisk Tidskrift, 1938, vol. 68, 
May 7, Elektroteknik, pp. 65-69). An account is given of the 
“ ferrometer,”’ an instrument for testing the magnetic properties in 
general of magnetically soft materials. The construction, operation 
and method of using the instrument are described and some typical 
curves obtained on iron-nickel alloys are discussed. 

The True Specific Heat of Metals at High Temperatures. E. 
Baerlecken. (Dissertation, Technische Hochschule zu Aachen). A 
simple ‘“ wire’ method for determining the true specific heat of 
metals at high temperatures is described and the difficulties entailed 
in such determinations are discussed. The material to be tested is 
heated to an approximately constant temperature and a predeter- 
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mined quantity of electrical energy is then passed through the wire ; 
the rise in temperature which is caused gives a measure for the 
specific heat. Corrections for heat losses and other factors which 
must be introduced and the evaluation of the true specific heat are 
considered in detail. Tests on pure iron demonstrated the applica- 
bility of the method described. For the first time the true specific 
heats of certain iron-carbon alloys were determined directly. 
Tabular and graphical data are presented regarding the specific 
heats of five “PD” steels containing from 0-0075% to 1-44% of 
carbon, and of electrolytic iron. The graphs include one showing 
the relationship between the heat content of the iron-carbon alloys 
and their carbon contents. 

Steel at Elevated Temperatures. R.W. Bailey. (Journal of the 
West of Scotland Iron and Steel Institute, 1937, vol. 45, Nov., 
pp. 11-22). The author notes briefly the more recent developments 
which have taken place in the operating conditions of steam-power 
plants and proceeds to discuss steels for such plants, the working 
temperatures of which have risen to as much as 500° C. The 
effects of prolonged exposure to high temperature on the structure 
and mechanical properties of carbon steel are dealt with, together 
with the changes under similar conditions in carbon-molybdenum 
steel and low-alloy steels containing nickel, chromium and molyb- 
denum. Since for operating temperatures of 500° C. and there- 
abouts a plain 0-5°%% molybdenum steel was found to be superior 
to steels containing nickel or nickel and chromium in addition, the 
addition of other elements was tried ; of these, vanadium appears to 
offer most promise of increasing the creep resistance and titanium of 
improving the ductility under creep conditions. The results of an 
investigation of a molybdenum-vanadium steel containing small 
additions of titanium are discussed. 

Steels for High Steam Pressures and Temperatures. R. W. Bailey. 
(Institute of Marine Engineers, Apr. 12, 1938 : Iron and Coal Trades 
Review, 1938, vol. 136, Apr. 22, p. 683). (See p. 37 A). 

The Influence of Arsenic on the Properties of Rail Steel. V. 
Tikhovskiy. (Stal, 1937, No. 7, pp. 60-71). (In Russian). After 
examining the results of a large number of previous investigators 
of this subject, some original data in which the properties of normal 
rail steel and of steels obtained experimentally with various additions 
of arsenic are compared, are given. It was found that an arsenic 
content of 0-15-0-18% had no effect on the tensile strength and on 
the elongation as well as on the amount of bending of the metal in 
impact tests. The Charpy impact strength was slightly lower, but 
in general it may be assumed that arsenic, within the above limits, is 
quite admissible in rail steel in the presence of carbon up to 0-42% 
and manganese up to 1%. 

Copper in Cast Steel. W. B. Sallitt. (Foundry Trade Journal, 
1938, vol. 58, May 12, pp.385-387). The addition of copper to cast steel 
provides a cheap and effective means of improving the mechanical 
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properties. Copper steels possess good casting properties, weld 
readily and respond in a characteristic manner to certain types of 
heat treatment, being capable of hardening by precipitation. 
Tabular data are presented regarding the compositions and 
mechanical properties of copper steels ; their yield ratio is very high 
in comparison with that of carbon steels. Data are also given 
regarding 1-5% carbon silicon-copper steels and some references are 
made to the addition of copper to complex alloy steels in order to 
improve certain mechanical properties. 

Modern Views of Cast Iron. A. L. Norbury. (Iron and Steel 
Industry, 1938, vol. 11, Apr., pp. 269-272). The article presents an 
account of a lecture delivered before the Manchester Metal- 
lurgical Society dealing with various aspects of the formation of 
graphite in cast iron, the effect of different graphite formations on the 
properties of the iron and methods for controlling the structure. 
(See also Journ. I. and §.1., 1938, No. I., p. 208 ). 

Cast-Iron Research and the Gas Industry. J.G. Pearce. (Insti- 
tution of Gas Engineers, 1938, Communication No. 183). During 
the past fifteen years a considerable amount of organised research has 
been carried out on cast iron and its methods of production in this and 
other countries. These developments are reviewed by the author, 
who surveys first the use of cast iron in connection with the manu- 
facture of gas and coke as well as in gas distribution and utilisation. 
The properties of various grades of cast iron are examined, parti- 
cularly in regard to their mechanical strength and their resistance to 
heat, corrosion, erosion, and wear. In conclusion lines for further 
research are indicated. 

Recent Knowledge on the Strength-Due-to-Shape of Cast-Iron 
Constructional Parts. KE. Mickel. (Mitteilungen aus den For- 
schungsanstalten des Gutehoffnungshiitte-Konzerns, .1938, vol. 6, 
Apr., pp. 73-77). It is expedient to differentiate the influence of 
shape from that due to notch effect. The sensitivity-to-shape of a 
material may be defined as analogous to notch sensitivity, but in 
general the former property differs from the latter. It is shown by 
means of experiments how the strength-decreasing effect of sensi- 
tivity-to-shape may be counteracted by constructional measures. 
Cast iron, in spite of its low notch sensitivity, responds strongly to 
the effect of shape, but at the same time constructive measures to 
counteract this are correspondingly more effective than in the case 
of other materials. The significance of the findings of this investiga- 
tion is discussed in relation to a cast-iron crankshaft. 

Contribution on the Elucidation of the Relationship between the 
Mechanical Properties of Test-Pieces Cast Separately, Cast on to the 
Casting, and Machined from the Casting Itself. S.Nadasan. (Bulletin 
Scientifique de l’Ecole Politechnique de Timisoara, 1937 : Giesserei, 
1938, vol. 25, May 6, pp. 209-215). Test-pieces were cast on to plate, 
frame and box castings and employed for tensile, compression and 
shear tests, while the Brinell hardness numbers were also deter- 
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mined. The data so obtained were compared with corresponding data 
obtained with test-pieces cast simultaneously but separately from the 
casting itself, and with another series of test-pieces machined from 
the actual casting. The variations in the results obtained for each 
set of specimens are critically discussed. The results of microscopic 
investigations indicated that the differences may be attributed to 
variations in microstructure. It is noted, however, that in the case 
of specimens from any one group exhibiting small differences in 
mechanical properties, graphitic and matrix structures were found 
which did not agree with the observed differences in properties. 

Effects of Superheating on the Structure and Mechanical Properties 
of Structural Alloy Steels. A. Schdberl and R. Mitsche. (Stahl und 
Eisen, 1938, vol. 58, May 19, pp. 546-549). The authors determined 
that a pronounced refining of the primary structure of nickel- 
chromium case-hardening steels produced in the basic arc furnace or 
the acid high-frequency furnace is effected by superheating the bath 
to above 1600° C. The secondary structure and the static mechani- 
cal properties show little relationship to the primary structure. 
Melts of nickel-chromium steels containing additions of tungsten 
and molybdenum which were produced under industrial conditions 
in a 6-ton arc furnace also exhibited a refined primary structure after 
superheating to above 1600° C. 

Use of Nickel Alloy Cast Iron in the Chemical Industry. T. 
Mishima. (Japan Nickel Review, 1938, vol. 6, Apr., pp. 231-246). 
The author discusses the effects of nickel additions upon the structure 
and properties of cast irons, and then considers in greater detail the 
applications of low-alloy irons of the Ni-Tensyl iron type, and of 
high-alloy irons of the Ni-Hard and Ni-Resist types. Comprehensive 
data regarding the physical and mechanical properties are presented 
in tabular and graphical form, particular attention being paid to 
the corrosion resistance of the alloys. 

Nickel Alloy Steels in the Chemical Industry. Y. Oshima. 
(Japan Nickel Review, 1938, vol. 6, Apr., pp. 214-230). The 
author discusses the composition and mechanical and _ physical 
properties of low-alloy and high-alloy nickel steels for chemical 
plant. Oil-refinery equipment, brine tanks, nitric acid plants, 
sulphite-pulp digesters, and a glass-works ‘‘ blowing iron’’ are 
referred to in dealing with the applications of these steels. Data 
are presented in tabular and graphical form. 

Nickel and its Alloys in the Electrical Industries. M. Ballay. 
(Bulletin Mensuel de la Société Belge des Electriciens, 1938, vol. 
54, Apr., pp. 186-213). Among the subjects discussed by the 
author are the electrodeposition of nickel, nickel-bearing structural 
steels, stainless and heat-resisting steels containing nickel, iron- 
nickel alloys of high permeability, cast irons containing nickel both 
with and without the addition of other elements and the iron-nickel- 
aluminium alloys for permanent magnets. The mechanical and 
physical properties of the alloys referred to are discussed with 
particular reference to their significance in electrical engineering. 

1938—i H 











98 A PROPERTIES AND TESTS. 


Heat-Resisting Steels. W. H. Hatfield. (Journal of the In- 
stitute of Fuel, 1938, vol. 11, Apr., pp. 245-304). (See Journ. I. and 
8.1, 1938, No. I., p. 345 a). 

Investigations on 18/9 Chromium-Manganese Steels. H. Legat. 
(Metallwirtschaft, 1938, vol. 17, May 13, pp. 509-513). The author 
discusses the results of an investigation on 18/9 chromium-man- 
ganese steels with and without additions of carbon, silicon, phos- 
phorus, nickel, copper and molybdenum. It is possible to obtain 
high mechanical strength and corrosion resistance by the suitable 
substitution of additions such as copper, nickel or molybdenum one 
for the other, with due regard to the precise influence of each, but it 
appears difficult to satisfy every requirement in the entire absence of 
nickel. The most satisfactory properties were exhibited by a steel 
containing 18-19% of chromium, 5-6-6-0% of manganese, 3-5-3-8% 
of nickel and 1-6-1-8°% of molybdenum. 

The Metallurgical Inspection of Steel. J. S. G. Primrose. 
(Institution of Mechanical Engineers: Metallurgia, 1938, vol. 17, 
Apr., pp. 225-226). The author presents a summary of the better- 
known methods of determining the physical, chemical and mechanical 
properties of steel for inspection purposes. The nature of the tests 
and of the properties they determine are discussed, and the author 
concludes with an account of the magnetic detection of defects 
and of the causes of fatigue failure. 

Special Steels and their Application to Engineering and Ship- 
building. T.Swinden. (North-East Coast Institution of Engineers, 
and Shipbuilders, Feb. 25, 1938: Metallurgia, 1938, vol. 17, Mar., 
pp. 181-185). The author discusses steels employed for engineering 
and shipbuilding. Dealing with carbon steels, low-alloy steels and 
wrought iron, such properties as free machinability, corrosion 
resistance, weldability and embrittlement due to welding are con- 
sidered, together with a critical survey of the general mechanical 
properties of and the effects of heat treatment on this group of 
materials. The author then passes on to an examination of the 
higher-alloy steels of interest in engine construction. Fatigue and 
notch sensitivity are discussed together with various processes for 
surface-hardening these steels. The properties of various steels at 
elevated temperatures are dealt with at length. 

Isteg Steel. A.J. Moe. (Tekniske Forenings Tidsskrift, 1938, 
vol. 62, No. 5, pp. 185-191). (See Journ. I. and 8.I., 1936, No. I., 
p. 102 a). 

The Quality of Rail Steel. K. Butenko. (Stal, 1937, No. 7, 
pp. 56-59). (In Russian). The author examines the Russian 
Standard Specification for rail steel and compares it with speci- 
fications existing in other countries. It is concluded that the Russian 
specification should be revised and made to agree closely with that 
of the United States. 

An Experiment on the Controlled Cooling of Rails. T. Lyasch- 
nenko and M. Sidel’kovoskiy. (Stal, 1937, No. 7, pp. 72-79). 
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(In Russian). The effect of various rates of cooling on the mechani- 
cal properties of rail steel, the presence of internal stresses in the 
rails, macro- and micro-structure and the presence of microscopic 
cracks in the heads of the rails were studied. The temperature of 
rolling of the rails varied between 1110° and 1130° C. It was found, 
as a result of controlled rates of cooling to which the rails were 
subjected, that the transverse impact strength of more slowly 
cooled rails was higher than that of rails cooled in the usual way. 
The same was true for the Charpy impact strength. The tensile 
strength and yield point are lowered by 1-4 kg. per sq. mm. 
(0:635-2-540 tons per sq. in.) in the slowly cooled rails. The limit of 
proportionality remains approximately unchanged. Both the 
elongation and reduction in area increase in the slowly cooled 
rail. The Brinell hardness of the latter was lower by some 3-12 
units. Similarly, it was found that internal stresses were decreased 
in the slowly cooled rails. In order to prevent the formation of 
transverse hair cracks and in order to obtain satisfactory plastic 
properties in the metal, the rails should be charged into the boxes in 
which they are allowed to cool slowly, at temperatures not below 
500° C. 

Strength Properties of Rolled Mild Steel Sections. G. Welter and 
M.S. Wolagiewicz. (Metallurgia, 1938, vol. 17, Apr., pp. 213-217). 
A slightly abridged translation of an article by the same authors 
which appeared originally in Wiadomosci Instytutu Metalurgii i 
Metaloznawstwa, 1937, vol. 4, Sept.—Dec., No. 3-4, pp. 126-138. 
(See Journ. I. and §.I., 1938, No. I., p. 286 a). 

Metals Used in the Aircraft Industry. J. R. Goldstein. (Metal 
Progress, 1938, vol. 33, Apr., pp. 357-361). The author notes that 
some two dozen types of steel are embodied in the structure of a 
modern airplane. Of these the type most used is the weldable 
chromium-molybdenum steel S.A.E. X-4130. Extensive use is also 
made of 18/8 chromium-nickel stainless steel, which is employed for 
those components subjected to corrosive action from exhaust gases 
and also as a light-weight structural material. 

Dynamic Elongation Measurements on a Locomotive Connecting 
Rod. KE. Lehr. (Zeitschrift des Vereines deutscher Ingenieure, 
1938, vol. 82, May 7, pp. 541-545). The author gives an account of 
measurements made of the bending and tensile strains in the con- 
necting rod of a locomotive under various loads and travelling at 
speeds up to 70 km. perhr. For the purpose an apparatus developed 
by the author was employed ; it is actuated by a single-phase high- 
frequency current and the measurements are recorded by an oscillo- 
graph. The construction and operation of this apparatus and the 
method of using it are fully described. It is said to be both safe and 
accurate in use. Graphical and tabular data obtained in the 
experiments on the connecting rod are presented. 

Hard Facing. Materials and Applications. C. C. Pendrell. 
(Western Metal Congress, Mar., 1938: Canadian Metals and Metal- 
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lurgical Industries, 1938, vol. 1, May, pp. 133-135, 154). The 
author notes that hard-facing was first employed in cement plants to 
protect equipment against abrasion and that rotary drill bits for oil- 
well drilling were similarly treated in order to extend the life of the 
tools. For hard-facing valves in steam plant for high-pressure high- 
temperature service a cobalt-chromium-tungsten alloy has proved 
very successful; it is sometimes specified for valves in plant 
operating at pressures as low as 150 lb. per sq. in., and is also em- 
ployed for surfacing the seats of valves in equipment handling high- 
pressure air, gas, water, hot oil and other media which exert a 
corrosive or abrasive action. The author considers a number of 
fields of application, including dredging and grinding plant, equip- 
ment for various purposes in the petroleum industry and implements 
for agricultural purposes. Various hard-facing materials have 
been developed for different types of service. Where no shock or 
impact occurs but where heavy frictional loading takes place tungsten 
carbide may be used ; if a smooth bearing surface or high corrosion 
resistance is required, the cobalt-base non-ferrous alloys are recom- 
mended. If maximum resistance to shock is of prime importance, 
as for example in stone-crushing plant, a tough austenitic steel 
facing which will work-harden may prove very satisfactory. Of the 
alloys at present available, tungsten carbide is the hardest and the 
iron-base type the toughest. There are five groups of true hard- 
facing materials. These, in order of increasing hardness, are alloy 
steels containing up to 20% of alloy constituents, iron-base alloys 
containing more than 20% of alloy additions, non-ferrous chromium- 
cobalt-tungsten alloys, pulverised tungsten carbide embedded in a 
steel matrix, and cast tungsten-carbide inserts. 

Calcium : Manufacture, Properties and Metallurgical Applica- 
tions. P. Bastien. (Métaux et Corrosion, 1938, vol. 13, Feb., 
pp. 38-39). Reference is made to the manufacture of sublimed 
calcium in France and to the use of the metal in the form of silico- 
calcium or silico-calcium-aluminium in ferrous metallurgy. Calcium, 
with or without the simultaneous action of oxidising salts, enables 
low-silicon cast irons of high strength and fine structure to be 
obtained. This process is used industrially and particularly for 
improving the mechanical properties of phosphoric irons. 
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(Continued from pp. 44 A-47 A) 


Contribution on the Utility of the Baumann Sulphur Print for 
Cast Iron, Malleable Cast Iron and Steel Castings. F. Roll. (Gies- 
serei, 1938, vol. 25, May 6, pp. 217-220). In the case of steel the 
objection has been raised that the Baumann print responds to both 
sulphide and phosphide. For cast iron, malleable cast iron and steel 
castings on the contrary it is shown that the Baumann print provides 
a satisfactory and unequivocal means for determining the distri- 
bution of sulphide and does not react to phosphide inclusions. 

Non-Destructive Testing. J. P. Reed. (Midland Metallurgical 
Societies: Metallurgia, 1938, vol. 17, Mar., pp. 203-204). An 
account is given of methods devised for non-destructive testing, 
mainly in connection with tubes of steel capable of being magnetised. 
The direct-current testing method devised by Sperry is not sufficiently 
sensitive to detect defects in electrically welded tubes. The use 
of alternating currents to cause eddy currents, the characteristics of 
which are determined by search coils, was tested and found to be 
complicated by too many variables. Difficulties inherent in X-ray 
examination for defects are described, and certain unsolved prob- 
lems in connection with the use of the apparatus devised by the 
Magnetic Analysis Corporation (U.S.A.) are critically discussed. 
The results obtained by the use of Holtschmidt’s iron-powder 
method are also criticised. 

Non-Destructive Testing of Welds. (Department of Scientific 
and Industrial Research, Report on Welding of Steel Structures: 
Engineer, 1938, vol. 165, Apr. 8, pp. 400-401). In the first part of 
this summary, C. E. Webb and L. H. Ford discuss magnetic and 
electric methods for the non-destructive testing of welds. It is 
concluded that a method of testing based on measurements of 
the electric potential across a weld when carrying current does not 
differentiate satisfactorily between good and bad welds. Measure- 
ments of the magnetic potential difference across a weld when carry- 
ing flux give a fair indication of the quality of different welds of 
identical size and shape, but do not give reliable results when used 
to detect local defects, particularly near the edge. The latter method 
can only. serve as a direct criterion of weld quality within a limited 
range, and for the full interpretation of data so obtained some 
information regarding the behaviour of standard welds is necessary. 
In the second part of the summary A. J. Fenner discusses the 
stethoscope method of testing welds developed in the United 
States of America. It is concluded that the method is of little value 
for testing fillet welds of low tensile strength in specimens of the 
type investigated, and is of little practical value for testing butt- 
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weld specimens. It is suggested as a result of these investigations, 
however, that the method may not be so ineffective on welded 
structures as on welded specimens. 

The Structure of Metallic Surfaces. G. A. Boutry. (Conserva- 
toire National des Arts et Métiers, Nov.—Dec., 1937: Métaux et 
Corrosion, 1938, vol. 13, Apr., pp. 65-72). The author discusses in 
the preliminary section of this article the atomic and electronic 
structure of solids with particular reference to the dimensions 
involved and to the surface characteristics consequent upon this 
structure. Surface phenomena provoked by polishing or by the 
application of a lubricant are briefly discussed and the use of electron- 
diffraction and X-ray methods for studying thin and relatively thick 
films on metallic surfaces is reviewed. The advantages of the elec- 
tron-beam technique are discussed. In conclusion the study of 
surfaces by techniques involving the use of visible radiation is noted. 

Examples of Crystal Growths Produced as a Film on Sheet Glass 
from Solutions by the Evaporation of the Solvent. J.Seigle. (Chimie 
et Industrie, 1937, vol. 38, Dec., pp. 1048-1058). The metallo- 
graphy of the iron—-cementite system is characterised by the large 
number of crystal forms which it may exhibit. The formation of 
these various crystal types cannot be followed in the case of the 
solidifying alloys, but the author studies analogous phenomena 
occurring in films consisting of a single (solid) solute and a single 
(liquid) solvent, when the latter is allowed to evaporate. (See 
also following abstract). 

Second Study of Crystal Growths Produced on Sheet Glass by 
the Evaporation of the Solvent. J. Seigle. (Chimie et Industrie, 
1938, vol. 39, Apr., pp. 627-636). The author continues his studies 
of the form of crystalline growths produced by systems consisting of 
a solute (solid) and a solvent (liquid), the latter being allowed to 
evaporate. The solute in this case consists of two solids mutually 
non-reactive or which crystallise out together. (See preceding 
abstract). 

Study of Grain Size in Hardened High Speed. R. W. Snyder and 
H. F. Graff. (Metal Progress, 1938, vol. 33, Apr., pp. 377-380). 
The determination of the grain size of primary austenite in quenched 
and tempered high-speed steel demands the use of a new etching 
reagent and occasionally a light repolishing. The technique of 
carrying out the determination and the compositions of suitable 
etching reagents are described in detail. The practical value of 
the method outlined is emphasised. 

The Influence of the Cooling Rate on the Transformations in Steels. 
F. Wever and A. Rose. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1938, vol. 20, No. 5, pp. 55-65). A 
vacuum dilatometer with electrical recording of both temperature 
and change in length is described, the latter being indicated by 
a photo-electric device practically devoid of inertia. The apparatus 
operates with very small test-pieces and with extremely light 
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pressures of the indicator arm. The results of a series of investiga- 
tions on carbon steels containing from 0-06% to 1-68°% of carbon are 
described and data are presented in tabulated form respecting the 
effect of the rate of cooling on the A, transformation in these steels. 

Polymorphic Transformations of Iron in Alloys of Iron with 
Arsenic and Antimony. V. N. Svetchnikov and V. N. Gridnev. 
(Metallurgist, Russia, 1938, vol. 13, No. 1, Jan., pp. 13-19). (In 
Russian). The alloys investigated in this research were prepared in 
a Tammann furnace in alundum crucibles from electrolytic iron and 
Kahlbaum’s pure arsenic and antimony. As alloys prepared in this 
furnace appeared to become contaminated with carbon (up to 
0-05 °% in the case of the arsenic alloys and up to 0:11% in the case of 
the antimony alloys), another series of alloys was prepared bysintering 
pressed mixtures of the constituent metals in powder form in Armco- 
iron bombs. The «= ~y change points were determined on a 
Chevenard differential dilatometer and by the micro-examination of 
quenched specimens. To determine the types of solid solutions 
present in the alloys they were subjected to X-ray analysis; the 
specified gravities of the cast alloys were also determined. Cast 
alloys containing 1-12, 1-66, and 2-59% of arsenic were prepared 
together with sintered alloys containing 1, 2, and 3% of arsenic. 
The equilibrium diagrams of alloys containing 0-7% of arsenic 
exhibited a y-loop. According to W. D. Jones, the existence of the 
y-phase is limited to an arsenic content of 3-5-4% at 1150°C. 
Cast iron-antimony alloys containing 1-27, 1-41, 2-5, and 3-46% 
of antimony were also prepared, together with sintered alloys 
containing 1-0, 1-5, and 3-0% of antimony. The equilibrium 
diagrams of these alloys exhibit a y-loop, the limit of the single 
y-phase field at 1150° C. being attained at an antimony content of 
about 2%. At the same temperature the limit of the « + y field is 
reached at an antimony content of 4-59%. The addition of antimony 
and arsenic to iron increases the lattice parameter and gives rise 
to solid solutions of the interstitial type. The accuracy of the 
X-ray analysis was limited by the pronounced dendritic structure of 
both the arsenic and the antimony alloys; this structure became 
very apparent on etching the specimens with reagents containing 
copper. 
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(Continued from pp. 48 A—51 A) 


Fifth Report of the Corrosion Committee. (Iron and Steel 
Institute, 1938, Special Report No. 21). Section A of this Report, 
which is introductory, gives the constitution of the Committee, 
describes the present position of the Committee’s work and briefly 
summarises the conclusions so far reached. Section B deals with the 
Committee’s field tests on atmospheric corrosion, in which connection 
many further quantitative results are given. Section C refers to the 
Committee’s work on marine corrosion. Inspections of three ships 
in which interesting cases of corrosion had occurred are described. 
In the oil tanker California Standard very severe corrosion of the 
tank walls had taken place after 9 years’ service. On 8.8. Almeda 
Star and on H.M.S. Bittern abnormal corrosion of the hull 
plates soon after launching has been arrested by zinc spraying or 
by careful cleaning and applying gold size before repainting. Section 
D describes the work of the Laboratory Research Sub-Committee. 
Section E constitutes the First Report of the Protective Coatings 
Sub-Committee, in which a statement is presented of the present 
views of the Sub-Committee concerning the best procedure for the 
painting of iron and steel exposed to atmospheric corrosion. A 
review is also given of modern painting practice as revealed by the 
replies to questionnaires circulated to various large users of structural 
steelwork. The questions related to exposure to different types of 
atmosphere, to intermittent or continuous immersion in sea-water, 
and to burial in the soil. The influences of the type of material, 
the method of surface preparation, the kind of paint or other forms 
of protection, the conditions of application, the frequency of re- 
painting, and other factors are considered. The surface preparation 
of steelwork prior to painting is also dealt with. Various methods of 
descaling are considered, including pickling, sand- or shot-blasting, 
wire brushing by hand or machine, and the use of abrasive wheels or 
discs. The use of inhibitors or panel washes is discussed, and an 
investigation of mechanical wire brushes made of several different 
types of steel is reported. Also included in this Section are three 
communications from individual authors. In Section F four cases 
of corrosion reported to and investigated by the Committee are 
described. The first two refer to corrosion in concrete. The other 

cases concerned the severe corrosion of some steel sleepers that 
occurred in a railway line near the sea, and the rapid corrosion 
of ships’ plates in Indian rivers, which is attributed to bacterial 
action. Details are also given of examinations of wrought iron and 
cast iron from the Crystal Palace, London, which showed these 
metals to be in an excellent state of ‘preservation after more than 80 
years’ service (see also following abstracts). 
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The Committee’s Field Tests on Atmospheric Corrosion. J. C. 
Hudson. (Iron and Steel Institute, Fifth Report of the Corrosion 
Committee, 1938, Special Report No. 21, pp. 13-198). The Com- 
mittee’s field tests on the atmospheric corrosion of ordinary and 
lightly-alloyed rolled irons and steels have been in progress for 7 
years in the case of the oldest specimens, and quantitative results 
for the corrosion of unpainted specimens exposed for periods of up 
to 5 years at several of the experimental stations are given in this 
Section of the Report, together with the results of observations on 
painted specimens and stands. It is not practicable to give within 
a short abstract a statement of all the results obtained, which are 
fully described in the text, but their main features may be noted. 
In the case of unpainted specimens exposed out of doors, the annual 
corrosion rate may be as high as 0-006 in. per year in highly polluted 
industrial atmospheres in Britain. In the tropics, despite the higher 
temperatures and, in some cases, the higher humidities, the rate of 
corrosion is very much less; for example, it is negligible at Khar- 
toum and slight at Basrah. The presence of copper in the steel 
reduces the corrosion by up to 30% and that of small amounts of 
copper and chromium together does so by up to 40%. In enclosed 
atmospheres (railway tunnels), the addition of copper to the steel 
has no appreciable effect, but it does reduce the corrosion of steel 
railway sleepers in service in the open track. The chief result of the 
tests on painted specimens is to show that the surface treatment of 
the iron or steel before painting is of the utmost importance. Paints 
have been observed to have a considerably longer life on specimens 
that were descaled prior to painting, whether by pickling or sand- 
blasting, than on any other type of surface tested, including speci- 
mens with intact and unrusted rolling scale and others painted after 
exposure to the weather for a short period followed by hand-cleaning. 
The results of the tests on the painted stands show that the character 
of the priming coat is of importance, an increased life of the coating 
being obtained by the use of a priming coat of an inhibitive character. 

Observations on Steel Plates Built into the Barge Cactus. 
J. C. Hudson and T. A. Banfield. (Iron and Steel Institute, Fifth 
Report of the Corrosion Committee, 1938, Special Report No. 21, 
pp. 199-201). A further inspection, after 2-2 years’ service, of 
the steel plates built into the barge Cactus is reported. The 
corrosion initiated by mechanical damage arising from the conditions 
of service of this type of vessel was considerable ; allowing for this 
so far as possible, the plates completely descaled by sandblasting or 
pickling were slightly better than the weathered ones, whilst the 
plates treated with white lead paint while still hot at the mill were in 
the best condition of all, except in the case of continuously sub- 
merged parts on which marked flaking off of the paint had occurred. 
The effect of surface condition was particularly marked on the hatch 
plates, which are, of course, above the water-line. Unfortunately, 
the Cactus was sunk in a collision before another inspection was 











106 a CORROSION OF IRON AND STEEL. 


made. In view of the considerable repairs to the plates found neces- 
sary after salvaging, the Committee have decided not to continue 
inspections of this barge. 

Observations on Steel Plates Built into H.M.S. Basset. J. C. 
Hudson and T. A. Banfield. (Iron and Steel Institute, Fifth Re- 
port of the Corrosion Committee, 1938, Special Report No. 21, pp. 
203-207). Three further inspections of the steel plates built into the 
hull of H.M.S. Basset are reported; these were made after she 
had been in service for 1, 1-5 and 2 years, respectively. Owing to 
the very thorough maintenance of Naval vessels, involving dry- 
docking and repainting at six-monthly intervals, practically no 
difference was apparent between plates subjected to different initial 
treatments, although weathered plates were perhaps not so good as 
those pickled or given other special treatments. This fact does not, 
of course, exclude the possibility that the effect of surface condition 
might be more pronounced in cases where maintenance was not so 
efficient. 

Report of the Panel Appointed to Study the Abnormal Corrosion 
of the Shell Plates of H.M.S. Niger. (Iron and Steel Institute, 
Fifth Report of the Corrosion Committee, 1938, Special Report 
No. 21, pp. 209-224). This is the report of a Panel set up to consider 
a case of abnormal corrosion observed on the underwater portions of 
H.M.S. Niger, some of the shell plates of which were found to be 
heavily pitted within 2 months of launching. This pitting was most 
marked at the forward end, and it was clear from an inspection that 
the sites of pitting corresponded with the places where the bottom 
had been in contact with the poppets and launching ways of the 
wooden cradle used for launching. A series of experiments under- 
taken by the Panel to elucidate the causes of this corrosion is 
described. Nine specimens of steel plate, each 15 x 10 x 3 in., ofa 
similar composition to the actual plates fitted into the H.M.S. 
Niger, and treated in a similar manner to the latter prior to the 
tests, were immersed in sea-water at Devonport Dockyard for 28 
days. In the case of plates painted with three coats of the anti- 
corrosive compositions used on the Niger, pitting was observed 
when scratches were made through two or three of the paint coats 
before exposure and an external e.m.f. was applied to the specimens 
throughout the tests in such a way as to make them the anodes in the 
circuit. In fact, it was possible to reproduce the original pitting 
reasonably well by this procedure. ‘The severity of the pitting 
increased with the number of paint coats through which the scratches 
were made, and reached a maximum depth of 0-15 in. when the 
scratches were made through all three coats of paint. No pitting 
was observed on similarly painted and scratched specimens to which 
no e.m.f. was applied during exposure, and no appreciable change 
occurred in the case of specimens, whether painted or unpainted, 
to which wooden blocks were screwed before exposure. The Panel 
therefore reached the conclusion that the pitting of the shell plates 
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of this vessel originated in the fact that the paint was damaged during 
launching and was aggravated in all probability by some form of 
electrical leakage that occurred while the vessel was afloat during 
the fitting-out period. 

The Transfer of Thin Oxide Films from Metal to Celluloid. U. R. 
Evans. (Iron and Steel Institute, Fifth Report of the Corrosion 
Committee, 1938, Special Report No. 21, pp. 225-242). A new 
method has been worked out for the transfer of oxide films from 
heat-tinted iron and nickel to celluloid or fabric by cementing the 
specimen with the film in contact with the support and removing 
the metal by anodic dissolution from the other side, thus leaving the 
film clinging to the support. With due precautions, the formation of 
secondary hydroxide may be avoided. That the films thus trans- 
ferred really represent the films originally present on the metal is 
proved in three ways: (1) Films transferred from “ gradient- 
tinted ” specimens show a continuous graduation of transparency, 
being relatively opaque at the strongly heated end and highly trans- 
parent at the slightly heated end. (2) Where scratch-lines have been 
ruled on the specimen, exposing the silvery metal, these are re- 
presented by transparent lines on the film after transfer, except where 
the film substance has been pressed down into the metal during the 
scratching. (3) A definite and reproducible relation exists between 
the colour of the films on the metal and the colours obtained after 
transfer ; the relation accords with optical principles. Examination 
of the transferred films shows that the tendency to the formation of 
broad cracks is greatest in the thicker films. This explains why 
thick visible films do not produce those forms of passivity which 
depend upon the absence of openings greater than a certain size. 
Circumstances are known, however, in which thick films may be 
more protective than thin ones. A microscopic study of places 
where scratch-lines have been ruled on the specimen before trans- 
fer indicates that such scratching, whilst removing much oxide from 
the surface, may also press down oxide into the scratch. This 
accounts for various observations which have hitherto been difficult 
to interpret, and shows that abrasion must be used with caution as 
a means of removing oxide. The two objections formerly raised to 
the oxide-film view of passivity, based (a) on the belief that the film 
would dissolve in acid, and ()) on the fact that thick films do not 
confer passivity, can now be fully answered. 

Summary of Work at Cambridge University on the Electrometric 
Study of the Growth of Oxide Films on Iron. H. A. Miley and U. R. 
Evans. (Iron and Steel Institute, Fifth Report of the Corrosion 
Committee, 1938, Special Report No. 21, pp. 2438-248). A new 
electrical method of measuring the thickness of oxide films has been 
checked against optical and gravimetric methods, and then used to 
obtain curves showing the growth of oxide films with time at different 
temperatures. Both on iron and on copper, the oxidation, even at 
the ordinary temperature, commences relatively quickly, but soon 
becomes slow. 
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Corrosion Tests on Wires by the Decrease-in-Breaking-Load 
Method (First Series). Effect of Five Years’ Atmospheric Exposure 
at Farnborough and Calshot. J. C. Hudson. (Iron and Steel In- 
stitute, Fifth Report of the Corrosion Committee, 1938, Special 
Report No. 21, pp. 249-254). Tests on the atmospheric corrosion of 
wires of seven different ferrous materials, } and } in. in dia., have been 
concluded at Calshot and Farnborough by determinations of the 
breaking loads of sets of specimens that had been exposed for 5 
years. Over this period the strength of austenitic chromium- 
nickel steel remained to all intents and purposes unaffected by 
corrosion, but the breaking load of } in. dia. wire of ordinary mild 
steel fell by some 30%, corresponding to an average corrosion rate 
of 0-0020 in. perannum. The presence of 0-5%, of copper in the steel 
reduced this rate to about 0-0016 in. per annum. Ingot iron proved 
more corrodible than mild steel under these conditions, the observed 
rate being 0-0028 in. per annum for } in. dia. wires, whilst in this 
gauge wrought iron behaved slightly better, and rail steel rather 
worse than mild steel; in the heavier gauge, }-in., there was little 
difference between these last three materials. 

Corrosion Tests on Wires by the Decrease-in-Breaking-Load 
Method (Second Series). Effect of Two Years’ Atmospheric Exposure 
at Sheffield University, and Comparison with Results of Laboratory 
Tests. J. C. Hudson. (Iron and Steel Institute, Fifth Report 
of the Corrosion Committee, 1938, Special Report No. 21, pp. 255- 
265). The results are presented of a series of field tests on fifteen 
kinds of ferrous wire in which the corrosion caused by 2 years’ 
exposure to the atmosphere at Sheffield University was determined 
by measuring the decrease in breaking load of the specimens. These 
results are in good agreement with those of other field tests by the 
loss-in-weight method on some of the same materials. Thus, in 
the case of wires of structural steels, ordinary mild steel proved the 
most corrodible, the corrosion of copper-bearing steels was appreci- 
ably less, and copper-chromium steels were the most resistant to 
corrosion. Swedish wrought iron, which has a very low slag content, 
behaved worse than mild steel and suffered the most corrosion of all 
the materials, but British wrought iron, which contains much more 
slag, was definitely more resistant than mild steel; indeed, wires 
drawn from copper-bearing British wrought iron gave results that 
were as good as or slightly better than those obtained from the least 
corrodible steels containing copper and chromium. The order of 
merit of the materials deduced from the results of breaking-load 
determinations was in good agreement with those obtained from 
measurements of the reduction in diameter of the wires and from 
rough determinations of their losses in weight respectively. The aver- 
age rate of corrosion, over the 2-year period, as determined by the de- 
crease in breaking load of the specimens, was greater for 16 8.W.G. 
(0-063 in. dia.) wires than for 10 S.W.G. (0-128 in. dia.) wires. The 
individual values ranged from 0-00328 in. per annum for 10 S.W.G. 
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copper-bearing Staffordshire wrought iron to 0-00832 in. per annum 
for 16 S.W.G. ordinary mild steel. Parallel laboratory tests over a 
period of six months, in which specimens were sprayed at intervals 
indoors with a solution containing 16 g. of ammonium sulphate and 
4 g. of sodium chloride per litre and exposed outdoors overnight, 
failed to reproduce the order of merit observed in the field. The 
average rate of corrosion in these laboratory tests was from three to 
four times greater than that in the field. 

Subsidiary Paint Tests at Birmingham and Farnborough. J. C. 
Hudson. (Iron and Steel Institute, Fifth Report of the Corrosion 
Committee, 1938, Special Report No. 21, pp. 267-278). Further 
observations on the small painted specimens exposed at Birmingham 
and Farnborough, respectively, are reported. These show that at 
both stations two coats of paint have already given good protection 
to suitably prepared iron and steel for approximately 6 years. The 
other main features of the results are: At Birmingham the life of 
two coats of paint on pickled wrought iron has exceeded 5-6 years, 
as compared with 2-1 years for similar material that was partially 
descaled by weathering and then cleaned by hand. A slight im- 
provement in the life of the paint on the weathered material resulted 
from heating it immediately before painting. Paint combinations 
with an inhibitive priming coat have given the best results, At 
Farnborough, where all the specimens were painted in the same way, 
with two coats of red oxide paint, some differences due to the basis 
metal have been observed. By far the best results have been 
obtained on austenitic chromium-nickel steel, whilst the paint has, 
in general, behaved better on wrought iron than on the other ordin- 
ary ferrous materials, in the case of which the paint has given 
slightly better results on copper-bearing steels than on ordinary 
steel. 

The Effect of Various Factors on the Rate of Dissolution of Mild 
Steel in Sulphuric Acid Solutions. J.C. Hudson and T. A. Banfield. 
(Iron and Steel Institute, Fifth Report of the Corrosion Committee, 
1938, Special Report No. 21, pp. 279-368). The work described in 
this paper was undertaken to elucidate the effect of various factors 
on the rate of dissolution of mild-steel strip in sulphuric acid solu- 
tions, so as to define the degree of control necessary in each case in 
subsequent experimental work on the influence of inhibitors when 
using this method of derusting corroded iron and steel specimens. 
The results obtained may be summarised as follows: (1) Surface 
Condition of the Steel. The rate of dissolution over a 1-hr. period is 
least for a pickled surface, about 30% greater for a ground surface, 
and about 4} times greater for the surface exposed when the strip 
is sawn at right angles to the direction of rolling. (2) Size of Speci- 
mens. The rate of dissolution of rectangular specimens sawn from 
strip varies with the dimensions of the specimens. A linear relation- 
ship has been observed between the loss in weight and the length of 
the specimen. (3) Concentration of Acid. At 40°C., the loss in 
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weight, W, after 1 hr. immersion varied with the normality JN, as 
follows :— 


Log W = aN + 8, 


where a and b are constants. This relationship was found to hold 
true between 5N and 10N. Over this range the acid should be 
standardised to within +0:005N. (4) Purity of the Sulphuric Acid. 
A marked difference was found between acids of different degrees of 
purity, the rate of dissolution in acid of “‘ A.R.”’ quality being about 
17% greater than in “ commercial ”’ acid. These differences are due 
to differences in the amounts of arsenic present in the acids, which 
acts as an inhibitor. It is therefore necessary to control the quality 
of the acid carefully. (5) Period of Immersion. At constant tem- 
perature the loss in weight, W, of a standard specimen with a 
pickled surface varies with t, the time of immersion in the acid, up 
to a period of 6 hr., as follows :— 


W = at’, 


where a and 0 are constants and 6 is slightly greater than unity. 
(6) Temperature. The loss in weight, W, of a standard specimen in 
a given time varies approximately with the absolute temperature, K, 


as follows :— 
Log W =a + b/K, 


where a and 6 are constants. It may be deduced from the observed 
values of a and } that in the case of experiments at 40° C. the tem- 
perature should be controlled to within +0-035° C. 

The Protection of Steel by Oxide-Coatings, with Special Reference 
to Screw-Threads and Bolts. R. 8S. Thornhill and U. R. Evans. 
(Iron and Steel Institute, Fifth Report of the Corrosion Committee, 
1938, Special Report No. 21, pp. 381-395). A study has been made 
of protective treatments depending on the deposition of metallic 
oxides on steel from suitable solutions. Preliminary trials were made 
in 90 different baths ; in each series, the effect of varying one factor 
was isolated by keeping all the others constant. The tests showed 
that certain baths containing zinc and lead salts were worthy of trial 
in two situations : (1) As a pretreatment where paint has to be applied 
to a partly weathered surface (a condition which otherwise causes rapid 
failure of the paint coats). Considerable benefit was obtained where 
the treatment could be applied by dipping, but much less when it 
was applied by swabbing, so that the practical value of the treatment 
for this purpose is still in doubt. (2) As a pretreatment for surfaces 
like the screw-threads of bolts which cannot be painted, but are normally 
protected by grease or oil alone. Here pretreatment in the zinc-lead 
bath followed by oiling (with lanoline solution or olive oil) gave far 
longer lives than oiling alone. Outdoor exposure tests were made 
for periods of up to two years on screws and bolts thus protected. 
On bolts the period needed for the nut to become immovable, as a 
result of rusting, constituted a definite and highly practical indication 
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of useful life. The best results were obtained with bath III., which 
contained lead nitrate (3:3%), zine nitrate (3-0%), ammonium 
nitrate (8-0%), and ammonium chloride (0-53%). Bolts and nuts, 
after careful degreasing, were immersed for 24 hr., washed, dried and 
then sprayed with a solution of lanoline in toluene or olive oil diluted 
with toluene. Ina typical case, untreated oil-free bolts seized after 8 
weeks’ exposure out-of-doors, untreated bolts carrying oil seized 
after 30 weeks, whilst treated bolts carrying the same amount of oil 
had still not seized after 75 weeks ; these results appear favourable. 
Certain treated bolts have remained out of doors for 126 weeks (2} 
years) without seizing. 

The Protection of Steel by Coatings Other than Paint. H. Sutton 
and C. Braithwaite. (Iron and Steel Institute, Fifth Report of the 
Corrosion Committee, 1938, Special Report No. 21, pp. 397-430). 
This paper is based on experience gained over a number of years from 
tests of steel samples treated by protective processes. The corrosion 
tests employed were (a) the intermittent sea-water spray test, in 
which the samples were placed in an open-sided shed and sprayed 
three times each working day with sea-water taken from the English 
Channel, and (5) a beach exposure test carried out at Felixstowe, 
where the samples were fixed midway between high- and low-tide 
levels. Ina few instances samples were also exposed to the influence 
of contact with tropical waters at Singapore. In general, the results 
of the intermittent sea-water spray tests or of marine exposure tests 
showed that the coatings which afforded the best protection against 
corrosion were as follows : (a) Coatings of electrodeposited zine or 
cadmium. (b) Coatings of not less than 0-0015 in. of electro- 
deposited nickel. (c) Coatings of aluminium or zine applied by 
metal-spraying. (d) Coatings of zinc applied by the sherardising 
process. (e) Coatings of aluminium applied by dipping. Most of 
the samples, when protected by any of the above methods, showed 
little or no rust after one year’s exposure to the above corrosion tests. 
Coatings of chromate-pigmented lanolin gave very good results in 
atmospheric exposure tests and sea-water spray tests. The follow- 
ing coatings afforded moderate protection : (a) Coatings of not less 
than 0-0005 in. of electrodeposited chromium. (b) Coatings of 
nickel rolled on. (c) Coatings of phosphates supplemented by the 
application of paints. Poor protection against corrosion by sea 
water was afforded by : (a) Thin coatings of electrodeposited chro- 
mium applied over electrodeposited coatings of certain other metals. 
(6) Coatings of aluminium applied by the calorising process.  (c) 
Coatings of zinc applied by the hot-galvanising process and thinned 
down by drawing operations. (d) Coatings of phosphates. (e) Coat- 
ings of unpigmented temporary rust preventative to specification 
D.T.D. 121 B. (f) Coatings applied by the “ gun-blacking ”’ process. 
In cases where the protective coating was supplemented by varnish 
or enamel, increased protection was generally obtained. In certain 
instances, however, the subsequent application of organic coatings 
were detrimental. 
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Aneerobic Soil Corrosion. The Function of the Sulphate-Reducing 
Bacteria. H. J. Bunker. (Iron and Steel Institute, Fifth Report 
of the Corrosion Committee, 1938, Special Report No. 21, pp. 431- 
448). The author discusses the function of sulphate-reducing bac- 
teria, which lead to marked corrosion of iron and steel buried in soil 
when oxygen is excluded. 

Theory of Electrochemical Poly-electrode Systems and its Applica- 
tion to Corrosion Problems. First Report. Potentials of Binary 
Systems. G. W. Akimow and N. D. Tomaschow. (Korrosion und 
Metallschutz, 1937, vol. 13, Apr.—May, pp. 114-123). On the basis 
of theory and experiment the authors set out to show the conformity 
to law of the work of galvanic binary, ternary or poly-electrode 
systems. The theory provides not only an explanation for some 
corrosion phenomena which have not so far been understood but 
also certain interesting practical deductions. In this first report the 
authors present a study of the action of galvanic binary systems, 
required for the solution of the main problem of poly-electrode 
elements. 

A Correlated Abstract on the Use of Electron Diffraction in 
Studying Corrosion. Parts I. and I. I. R. Landau. (Metals and 
Alloys, 1938, vol. 9, Mar., pp. 73-77; Apr., pp. 100-103). The 
author discusses the principles of the electron-diffraction technique 
for studying corrosion phenomena, the nature of polished surfaces, 
the application of electron-diffraction methods to the study of 
corrosion in cases where the composition of the film must or need not 
be known (the Thomson-Frazer and Finch electron-diffraction 
cameras are described), integral films on massive surfaces, and reflec- 
tion and transmission methods. The second part of the article deals 
with certain special problems investigated by electron-diffraction 
methods, such as passivity and the action of inhibitors, the nature 
of rust films and non-ferrous oxides and tarnishes. Finally, non- 
integral protective coatings and the limitations of the electron- 
diffraction method are dealt with. 

Corrosion by the Impact of Falling Drops. G. Welter. 
(Engineering, 1938, vol. 145, May 13, pp., 521-522). The author 
discusses the results of experiments undertaken to determine whether 
the velocity of impact of a corrosive medium has a decisive influence 
on the type or rate of corrosion of the material subjected to its action. 
Tests were initially carried out on a qualitative basis, a 3% solution 
of sodium chloride being used as the corrosive agent. The solution 
was brought into contact with the specimen in the form of drops 
falling from a height varying from 1-5 m. to 5-0 m. The effects 
produced in this way were compared with those obtained when the 
drops were so discharged that they kept the specimen moist but 
subjected it to no impact action. The apparatus and experimental 
technique are described in detail. Among the materials tested was a 
soft carbon steel, which exhibited under both types of corrosive 
attack the effects of surface attack with little penetration into the 
body of the specimen; the drop test produced the more severe 
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corrosion, however. Data regarding the loss of weight and the 
tensile strength of specimens subjected to both static and dynamic 
attack are presented in tabular form. 

The Corrosion of Metals. W.Palmaer. (Académie des Sciences 
de l’U.R.S.8., Travaux du Congrés Jubilaire Mendeléev, Feb. 8, 
1934, Reprint). The author presents a very comprehensive dis- 
cussion on metallic corrosion under the following headings : The rate 
of dissolution of metals in general; the induction period (in relation 
to dissolution phenomena) ; the electromotive force provoking corro- 
sion; the electrical conductivity of the solution (which is dissolving 
the metal); the influence of temperature ; the resistance capacity 
(Widerstandskapazitat); pure metals (the author deals with the 
effect of local elements from a comparative standpoint); the 
influence of depolarisers (oxidising agents) ; passivity ; the necessity 
for prolonged study of dissolution phenomena. Having under these 
headings considered the local-element theory of corrosion in detail, 
the author passes on to a consideration of the corrosion of iron, which 
is treated under the following headings : The rusting of iron (general 
chemistry of the process) ; the composition of rust; the formation 
of ‘green ’’ rust (the author describes experiments to show that 
ferrous hydroxide is the primary product of the rusting process) ; 
methods for measuring the rate of rusting; variation of rate of 
rusting with time; the dependence of the rate of rusting on the 
electrical conductivity and thickness of the liquid film (¢.e. that 
formed when a specimen is momentarily immersed in a fluid and then 
withdrawn and allowed to drain); possibilities of a practical 
“ accelerated rusting ”’ process (for testing purposes) ; the influence 
of oxygen concentration; the mean rate of rusting over a long 
period of time; the effect of temperature; the rate of rusting 
for different types of iron; the reasons why iron is more liable to 
corrosion than other metals in practical use (theoretical and 
practical considerations) ; other theories regarding the corrosion of 
iron; cases not discussed under previous headings. 

The Oxide Film on Stainless Steels and Anomalies When Using 
Them as Cathode Materials. F. Halla and H. Tompa. (Korrosion 
und Metallschutz, 1938, vol. 14, Mar.—Apr., pp. 109-111). The 
authors discuss the anomalous behaviour of the stainless steels 
when employed as the cathode in an electrolytic cell containing a 
solution of a divalent iron salt. Iron is deposited uniformly over 
the whole cathode, but, whereas it forms only a loosely coherent layer 
on the surface of the stainless steel where this is covered by an 
intact protective film of oxide, it adheres strongly to sites where the 
protective film is absent. This behaviour enables an insight to be 
obtained into the distribution of imperfections in the protective 
film on the steel. The formation of pores and streaks on a stainless- 
steel cathode under the conditions referred to are attributed to 
indirect effects of the same type. The authors describe the results 
of experiments in which stainless steel was made the cathode in a 
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solution of 2.V ferrous chloride with 24N sodium chloride and a 
little 0-01N hydrochloric acid. The anodes were of cast iron and 
were contained in parchment bags. The adhesion of the deposited 
iron, the formation of pits and the occurrence of streaks are dealt 
with, the mechanism of the processes involved being discussed at 
length. 

Intercrystalline Corrosion of Soft Iron in Ammonium Nitrate 
Solution. M. Smiatowski. (Korrosion und Metallschutz, 1938, vol. 
14, Mar.—Apr., pp. 111-113). The author comments on the fissuring 
of iron girders in the vicinity of plant for the manufacture of 
ammonium nitrate. The results of experiments on the action of 
boiling 50° ammonium nitrate solution on loaded wires of soft and 
electrolytic iron are then discussed. After a few hours 1-2-mm. 
dia. wires will break under a load of only 30% of the normal static 
tensile load. The soft iron containing 0-08°% of carbon and the 
vacuum-melted electrolytic iron with 0-005% of carbon both de- 
veloped fissures at about the same rate. 

Concerning a Case of Corrosion Provoked by Concentration Cells. 
H. Grubitsch. (Korrosion und Metallschutz, 1938, vol. 14, Mar.- 
Apr., pp. 113-115). The author discusses the corrosion of a hot- 
water boiler caused by the presence in the vessel under working 
conditions of water with zones of different concentrations of mineral 
salts. 

Corrosion Characteristics of Fatty Acids. F.C. Vilbrandt and 
L. E. Ward. (Electrochemical Society, May, 1938, Preprint No. 
21). Alloys of various types were submitted to 24- and 72-hr. 
corrosion tests in crude fatty acids from Kraft pulp manufacture at 
temperatures between 293° and 310° C. Conditions were obtained 
that allowed a decrease in the acid value according to the duration 
of the test. Excepting stainless steels containing not less than 20% 
of chromium and 9% of nickel, all the specimens were corroded to a 
marked degree. The most suitable stainless steels for fatty-acid 
stills appear to be those high in chromium and nickel, or, if these 
additions are slightly lower than the optimum figures, those contain- 
ing molybdenum as well. The most resistant alloy was an 18/8 
steel with 3% of molybdenum. 

The Behaviour of Foundry Quality Iron and Steel Towards 
Chemical and Thermal Influences. F. Roll. (Korrosion und 
Metallschutz, 1938, vol. 14, Mar.—Apr., pp. 93-108). The author 
considers the mechanism of corrosion processes in plain and alloy 
cast iron and in particular discusses corrosion by various media in 
aqueous solution. Special reference is made to the protective action 
of the casting skin. The mechanisms of growth and scaling are also 
dealt with in great detail, and the significance of these phenomena in 
practice is considered. The wear of cast-iron internal-combustion 
engine cylinders is briefly commented upon and it is shown that this 
is due not so much to purely mechanical as to chemical] influences. 
Corrosion-fatigue phenomena in cast iron are dealt with and are 
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compared with those in steel. The mechanical and corrosion-resisting 
properties of plain and alloy steel castings and of malleable cast iron 
are treated comprehensively, those of the low- and high-alloy steels 
being discussed under the headings of the alloy additions. Some 
reference is made to the use of protective coatings of various types. 
In conclusion the use of plain and alloy steel castings, malleable 
cast irons and cast irons is considered from an economic standpoint. 
Tabular and graphical data are presented, and the account includes 
a list of some ninety-two references. 

Prevent Corrosion in Wire Rope Conveyors. (Wire Industry, 
1938, vol. 5, Mar., p. 185). The use of a chlorinated-rubber com- 
pound known as “ Detel ” for preventing the corrosion of iron and 
steel, particularly in connection with aerial ropeways, is discussed. 
It is applied with a brush, and on evaporation of the solvent leaves 
a strongly adherent, tough, non-inflammable and chemically very 
inactive film. It is strongly resistant to single and mixed acids, 
alkalis and oils. For iron and steel a brand known as “ D.M.U.,” 
containing among other ingredients finely divided metallic zinc, is 
available. The use of ‘‘ Detel ” for lining pickling baths is referred 
to. 
Preventing Corrosion in the Sulphate Pulp Mill. J. A. Lee. 
(Electrochemical Society, May, 1938, Preprint No. 31). Corrosion 
problems encountered in the sulphate pulp mill are discussed. 
Owing to the corrosive nature of the solutions employed some of the 
digester shells pit badly next to the welds. Chromium-nickel 
(18/8) stainless steel is now being used for digester shells, whilst for 
diffusers low-carbon steel has proved satisfactory. For digester 
inlets and outlets stainless steel and Ni-resist are recommended. For 
circulating pumps chromium steels have given good service. 
Evaporator tubes are best fabricated in stainless steel. For 
impeller construction cast iron, and for lime-slaking tanks steel are 


recommended. 
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ANALYSIS 


Contributions on the Metallurgical Chemistry of Iron and Steel. 
(Stahl und Eisen, 1938, vol. 58, Mar. 17, pp. 304-306; Mar. 24, 
pp. 327-329). A general review of the literature on the develop- 
ments in methods, apparatus and technique for the chemical 
analysis of pig irons, cast irons, carbon and alloy steels, ores, 
gaseous, liquid and solid fuels, covering the period July—Sept., 1937, 
is presented. 

The Application of Potentiometric Volumetric Analysis in the 
Steelworks Laboratory. VIII. A Simplified Method for the Co-deter- 
mination of Manganese, Chromium and Vanadium. P. Dickens and 
G. Thanheiser. (Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1938, vol. 20, No. 3, pp. 35-41: Archiv fiir das 
Eisenhiittenwesen, 1938, vol. 11, May, pp. 583-588). Recent data 
in the literature concerning the oxidation of manganese were con- 
firmed and the conditions for ensuring the quantitative nature of 
such reactions determined. The separation process already evolved 
for the determination of manganese, chromium and vanadium has 
been retained and by the omission of the subsequent oxidation with 
lead peroxide has been considerably simplified and rendered more 
rapid. For the determination of manganese with oxalic acid and 
of vanadium with permanganate a special electrode has been de- 
veloped, which consists of a platinum wire dipping into a sulphuric 
acid solution of ceric sulphate containing chlorine ions. Tabular 
data are prescribed regarding the performance of this electrode. 

Method for Determining Copper in Pig Iron and Steel. W. 
Astrém. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, Apr., 
pp. 515-516). Reference is made to the inadmissibility of the 
method of separating copper by precipitation with metallic iron in 
the industrial analysis of steel, to the precipitation of the copper as 
sulphide by hydrogen sulphide in hydrochloric acid or by precipita- 
tion with sodium thiosulphate in dilute sulphuric acid, and to the 
expensive salicylaldoxime method. If a specimen of steel is dis- 
solved with due precaution in very dilute sulphuric acid the copper 
remains quantitatively in the residue. The procedure is as follows : 
A sample weighing 2 g. in the form of drillings is placed in 
a mixture of 100 c.c. of water and 3-4 c.c. of concentrated sulphuric 
acid contained in a 400-c.c. beaker which is covered. The whole is 
carefully warmed until the sample has dissolved, when the solution is 
filtered. The residue is washed with warm water, ignited, and 
dissolved in about 2 c.c. of hydrochloric acid and a drop of nitric 
acid; the liquor is treated with excess ammonia, and analysed 
colorimetrically for copper. The method is not applicable to 
tungsten or 18/8 steels. 

Determination of Sulphur in Steel and Ferro-Alloys by Combustion. 
V. Grundberg. (Jernkontorets Annaler, 1938, vol. 122, No. 1, pp. 
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49-51). (In Swedish). Brief reference is made to methods for the 
determination of sulphur in steel and ferro-alloys by combustion 
methods, the sulphur dioxide and trioxide obtained being estimated 
volumetrically. Swobodas (Zeitschrift fiir analytische Chemie, 
1929, vol. 77, p. 269) suggested the absorption of the two oxides of 
sulphur in approximately neutral aqueous silver nitrate, the free 
nitric acid produced being titrated with sodium hydroxide, using 
methyl orange as indicator. A method and apparatus for deter- 
mining sulphur by combustion particularly appropriate for such 
refractory alloys as ferro-chromium and developed in the labora- 
tories of the Sandviken Ironworks is described in detail. An 
accuracy of +0-001-0-002% is claimed. 

Routine Determination of Molybdenum in some Ferrous Alloys. 
S. D. Steele. (Iron and Steel Industry, 1938, vol. 11, Apr., pp. 
267-268). The author discusses the results of a series of experiments 
to determine the suitability of the alpha-benzoinmonoxime method 
for estimating molybdenum in molybdenum cast iron, nickel- 
chromium cast iron and nickel-chromium-vanadium steels. It is 
concluded that the method is entirely applicable to routine analysis 
for alloy cast irons and for nickel-chromium-vanadium steel of the 
18/8 type, but that, as a solvent for the reagent for stock solutions, 
acetone cannot satisfactorily replace alcohol, which yields solutions 
showing no change after four months. 

Determination of Nickel in Alloy Steels. W. J. Boyer. (In- 
dustrial and Engineering Chemistry, Analytical Edition, 1938, vol. 
10, Apr. 15, pp. 175-179). A photometric apparatus has been 
developed to detect the end-point in the cyanide titration method 
for nickel and has been found superior to the eye, particularly in the 
analysis of high-chromium alloys. An accuracy of the order of 
0-1% is claimed. The solubility of nickel dimethylglyoxime is 
demonstrated and it is shown that less dependence should be placed 
on this method when applied to high-nickel steels where very high 
accuracy is desired. 

Determination of Columbium and Tantalum in Stainless Steel. 
T. R. Cunningham. (Industrial and Engineering Chemistry, 
Analytical Edition, 1938, vol. 10, May 15, pp. 233-235). The author 
outlines the cupferron method for the determination of tantalum 
and niobium (columbium) in stainless steel and notes that titanium 
interferes with the accurate estimation of these elements by this 
process. A modification of Schoeller and Powell’s tannin method is 
described which is suitable for estimating the tantalum content of 
the ignited cupferron precipitate obtained from a niobium-bearing 
18/8 stainless steel. The author outlines a scheme for the deter- 
mination of tantalum and niobium in steels containing no tung- 
sten, molybdenum or titanium, the presence of any of which necessi- 
tates modifications in the process described. 

Contribution on the Electrolytic Determination of Non-Metallic 
Inclusions in Steel. A Method for the Determination of Silica, 
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Alumina, Ferrous and Manganous Oxides, Iron Sulphide and Man- 
ganese Sulphide. P. Klinger and W. Koch. (Archiv fiir das Eisen- 
hiittenwesen, 1938, vol. 11, May, pp. 569-582). The main features 
in the electrolytic method for the determination of non-metallic 
inclusions in steel described by the authors consist in the use of an 
entirely neutral electrolyte which is continuously changed, and in 
the fact that anodic oxidation may be entirely avoided. The 
anode space is not cramped by the use of a collodion bag. Under 
the conditions chosen the oxide residue remains unattacked, and 
from the isolated residue carbides and sulphides may be removed by 
appropriate solvents. On the remaining part of the residue, which 
contains oxides, silica, alumina, ferrous oxide and combined man- 
ganous oxide may be determined. A second separating process is 
described which allows the nature of the sulphur compound in the 
steel to be determined and which deals also with uncombined 
manganous oxide. The method was checked on steels containing 
carbon from 0-01% to 1-2%, manganese from 0-03% to 1-:0% and 
silicon from 0-01% to 1:0% and gave excellent results. Carbides 
do not cause interference. The results obtained by this process are 
critically compared with those obtained by other methods. 

Some Examples of Industrial Spectroscopic Analysis Carried out 
Recently in the Laboratories for Applied Spectroscopy at the Univer- 
sity of Liége. P. Swings and J. Genard. (Revue Universelle des 
Mines, 1938, vol. 14, Apr., pp. 339-342). The authors discuss 
briefly practical problems which they have solved by spectroscopic 
methods. Reference is made to the detection of small amounts of 
copper, zine and lead and traces of cadmium, manganese, antimony, 
sodium and tin, in a special iron. 

Investigation of the Spectroscopic Determination of Manganese 
and Silicon in Steels. O. Masi. (Metallurgia Italiana, 1938, vol. 30, 
Mar., pp. 111-117). (In Italian). The author discusses the 
principles of quantitative spectrographic analysis and describes the 
results of his investigation of the application of Rivas’ method 
employing a known solution of manganese as a standard and 
estimating the manganese content of the steel by photometric 
measurements on the photograph obtained. The apparatus and 
experimental technique are fully described. Nickel up to 2% and 
chromium up to 0-9% do not interfere, but high chromium contents 
cause irregular results. Silicon was determined using the solid 
specimen of steel to be examined. Graphical and tabular data are 
presented. 

Practical Specirographic Analysis. (Metallurgia, 1938, vol. 17, 
Mar., p. 201). A condensed version of an article by J. 8. Owens 
which appeared originally in Metals and Alloys, 1938, vol. 9, 
Jan., pp. 15-19. (See Journ. I. and S.I., 1938, No. I., p. 362 a). 

Determination of Pyrites Sulphur in Coal and Coal Products. 
W. Mantel and W. Radmacher. (Gliickauf, 1938, vol. 74, Apr. 30, 
pp. 375-376). An account is given of the apparatus and technique 
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for determining pyrites sulphur by the reduction-titration method, 
which has now been so modified that it may be applied not only to 
bituminous and brown coals but also to coal products, including coke. 

The Determination of Carbon Monoxide and Oxygen in Commercial 
Gases. H. H. Miiller-Neugliick. (Warme, 1938, vol. 61, p. 280: 
Gliickauf, 1938, vol. 74, Apr. 30, p. 377). The author discusses the 
iodine-pentoxide/oleum method for determining carbon monoxide in 
gases. Factors affecting the accuracy of the method are critically 
discussed, including the influence of gaseous hydrocarbons and the 
higher paraffins. Oxyhydroquinone in concentrated solutions is not 
a satisfactory absorbent for oxygen in the Orsat apparatus ; only in 
dilute solution is it as effective as alkaline pyrogallol ; some neces- 
sary conditions to be observed in using this reagent are detailed. It 
is indicated that as pyrogallol dissociates with the formation of 
carbon monoxide in the presence of oxygen-rich gas mixtures it can 
only be used to analyse gases containing less than 25% of oxygen. 
Oxyhydroquinone and “ O,-multi-Rapid”’ (a proprietary com- 
pound) do not dissociate under any circumstances in this way, and 
in that respect are both superior to pyrogallol. 
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BOOK NOTICES 


(Continued from pp. 52 4-54 4) 


Baver, O., O. KROHNKE and G. Mastna. ‘ Die Korrosion metal- 
>’ ’ 


lischer Werkstoffe.”’ Band II. ‘ Die Korrosion von Nichteisen- 
metallen und deren Legierungen.”” Herausgegeben von 
O. Kréhnke und G. Masing. 8vo. pp. xxx + 901. Illustrated. 
Leipzig, 1938: Verlag von 8. Hirzel. (Price 54 RM.) 

Before proceeding to review this second volume of Die Korrosion 
metallischer Werkstoffe, it may be noted that the editorial preface is 
signed by Professors Kréhnke and Masing only. Professor O. Bauer 
has not lived to see the completion of the work, and it is fitting to pay 
a last tribute to one who, throughout his long association with the 
Staatliches Materialpriifungsamt, published a series of important 
papers on different aspects of the corrosion problem, commencing with 
his early classical researches in collaboration with Professor Heyn. 

As the sub-title indicates, this volume is devoted to the corrosion of 
non-ferrous metals and alloys. It may be recalled that the first volume 
(see Journ. I. and §.1., 1936, No. I., p. 247 4) was concerned with the corro- 
sion of ferrous metals, and that the editors propose to complete the work 
with two further volumes dealing with methods of protection and with 
the practical application of existing knowledge in the most important 
fields of service, respectively. The arrangement of the subject-matter 
in the present volume differs from that adopted in the most important 
similar work in the English language (U. R. Evans, Metallic Corrosion, 
Passivity and Protection, Edward Arnold and Co.) in that the corrosion 
of each metal or group of alloys is discussed separately, the resistance to 
various corrosive media being considered in turn in each separate case, 
whereas broadly it may be said that Evans groups his exposition of the 
subject round the major well-defined types of corrosion phenomena 
(oxidation at high temperatures, atmospheric corrosion, corrosion by 
stagnant liquids, &c.), which he considers in relation to metals and alloys, 
both as a whole and individually. Hence the two works are com- 
plementary, and any one requiring information on any specific corrosion 
problem could not do better than to seek this in the pages of both. 

The discussion of the corrosion of the various non-ferrous metals 
and alloys is preceded by a section written by P. Brenner on experi- 
mental methods for corrosion research and corrosion testing. This 
deals essentially with methods for practical testing rather than for 
fundamental scientific investigation, and constitutes an interesting 
review of the subject in which, however, no reference appears to the 
work of the Corrosion Committee of this Institute on methods of 
accelerated testing. Sections by different authors on the individual 
metals and alloys then follow : Copper and copper alloys (O. Dahl and 
W. Wunder); Pure aluminium (R. Sterner-Rainer); Cast aluminium 
alloys (R. Sterner-Rainer); Wrought aluminium alloys (P. Brenner) ; 
Magnesium and magnesium alloys (W. Schmidt and W. Schultze); 
Lead and lead alloys (M. Werner); Zine (W. Wiederholt); Cadmium 
(W. Wiederholt); Tin (W. Wiederholt); Tungsten, molybdenum and 
chromium (W. Rohn and C, Francke); Nickel and its alloys, and cobalt 
(W. Rohn and C. Francke); The noble metals (L. Nowack and J. 
Spanner). Of these, perhaps the sections on aluminium and the light 
alloys will be of most interest to the general reader, in view of the 
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intensive research work on these metals now in progress in Germany, 
concerning which the authors presumably have first-hand information. 
Incidentally, it would be well in synoptic works of this kind to follow 
the practice, adopted by our own Institute of Metals amongst others, 
of giving the authors’ positions and credentials, which will otherwise 
remain unknown to the average foreign reader. 

When it is considered that the text contains references to the work 
of roughly 1,500 authors, it will be realised that it is not possible for 
any single person, such as the writer of this review, to state how far all 
the detailed statements made are entirely accurate or would be generally 
accepted. All that he can do is to say that the references to his own work 
are fair, correct and adequate—apart from the minor blemish that he has 
been credited with two distinct sets of initials, and thus enjoys a dual 
personality in the author index—and that, so far as he can judge, this 
is true for other authors as well. No reference is made to one or two 
important publications, such as those of the Building Research Station 
on the corrosion of lead, and there are rather a number of printers’ 
or indexing errors. It is not reasonable, however, to expect a work of 
this magnitude to be entirely free from such minor defects. Judging 
by international standards, the printing is extremely good, and the 
volume is very well illustrated by over 400 figures, nearly half of which 
are half-tone reproductions of actual photographs. These facts, 
combined with the clarity of the authors’ styles, render the book a very 
readable one, which is an essential feature of a work of this length. In 
fact the editors are to be congratulated on the generally high quality 
of the whole production and the volume can be strongly recommended 


to all who are interested in corrosion. 
J. C. Hupson. 


McKeown, J., and E. D. Warp. “ Elastic Properties of Non- 
Ferrous Metals and Alloys: Collected Data.” (Research 
Report R.R.A. 473 of the British Non-Ferrous Metals Research 
Association). Obl. la. 8vo., pp. 35. London, 1938: British 
Non-Ferrous Metals Research Association. (Price 6s.) 

The authors present a survey of data on the elastic properties of 
non-ferrous metals and alloys critically selected from published in- 
formation and from research reports drawn up by the Association 
itself. Data are recorded chiefly in the form of tables, although 
graphical representation is occasionally employed., Tabular matter is 
characterised by the admirable clarity with which it is arranged, and 
the report is excellently indexed. Reference is made to iron-bearing 
copper alloys, iron-bearing cupro-nickels and to ternary and quaternary 
alloys of nickel containing iron as an alloying element. 
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REFRACTORY MATERIALS 


(Continued from pp. 59 A-60 A) 


The Refractory Firestones of Ohio. E. A. Burr. (Blast Furnace 
and Steel Plant, 1938, vol. 26, May, pp. 490-492, 520-521). The 
author describes firestone as an inclusion in a bed of natural silica 
rock formed in a broad band and to a considerable depth in north- 
eastern Ohio. After making a geological survey of the formation 
and describing how the material was worked and used in the past, 
the author proceeds to the present method of working and concludes 
with a discussion of its mechanical and heat-resisting properties. 

Some Comments on the After-Contraction Test for Fireclay 
Bricks. H. D. Bennie. (Transactions of the Ceramic Society, 
1938, vol. 37, May, pp. 173-179). The author gives brief illustrated 
particulars of a volumeter for measuring the volume of test-pieces 
in the after-contraction test. 

An X-Ray Survey of Refractories. A. H. Jay and J. H. Chesters. 
(Transactions of the Ceramic Society, 1938, vol. 37, June, pp. 
209-230). The authors present Debye-Scherrer patterns for the 
following constituents of refractory materials: Quartz, cristobalite, 
tridymite, magnesia, alumina, magnesium aluminate, chromite, 
mullite and forsterite. Information regarding the size of the 
crystals and the degree of preferred orientation has been obtained 
by the monochromatic pin-hole method. Quartzites were found to 
vary greatly in crystal size, both within a given sample and from 
one sample to another. On firing for one hour at 1450° C. they 
yielded varying amounts of cristobalite, the amount of conversion 
increasing with the fineness of the crystals and the amount of the 
impurity present. Used silica bricks from open-hearth furnace 
roofs showed marked crystal development, the cristobalite in the 
first zone and the tridymite in the second zone being about 0-01 
cm. in dia., compared with less than 0-001 cm. in the unused 
brick. Coarse crystallinity was not found to be an essential 
feature of magnesite bricks of high thermal shock resistance. 
Chrome ores gave patterns that were very characteristic of their 
source. With certain ores the pattern was so consistent and 
unlike that of any other ore examined that it could be used to 
identify the chrome ores employed in the manufacture of certain 
chrome-magnesite bricks. An examination of chrome-magnesite 
bricks after exposure to the action of iron oxide confirmed the 
previous suggestion that the bursting observed is due to solid 
solution of magnetite in the isomorphous chromite. All the 
aluminium silicate refractories examined showed the presence of 
considerable amounts of mullite. The siliceous fireclay bricks 
contained in addition a considerable amount of residual quartz 
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and some cristobalite. The size of the mullite crystals was usually 
exceedingly small, but increased with heat treatment. 

The Development of a Slagging Test for Refractories. H. M. 
Kraner. (Metals and Alloys, 1938, vol. 9, Apr., pp. 79-83). From 
the consumer’s point of view there are three tests which largely 
indicate the service merit of a refractory : Its ability to withstand 
thermal shock, for which the panel spalling test has been developed ; 
its ability to withstand load at high temperatures, determined by 
the hot-load test ; its ability to withstand chemical action, for which 
there is no generally accepted test. The author considers the 
reasons for this last fact and points out that no single slag test can 
serve to indicate the merits of all refractories for all services. The 
lines of approach to the solution of the problem are considered, 
and an account is then given of the consumption of refractories 
in various industries, with particular reference to the steel industry. 
Refractory consumption in the open-hearth furnace is considered 
in detail under a separate heading, whilst in conclusion the erosion 
and corrosion of ladle linings are dealt with. Tabular and graphical 
data are presented. 

The Destruction of the Hearth Block of Blast-Furnaces. A. 
Svitsyn. (Stal, 1937, No.’8, pp. 1-5). (In Russian). Contrary to 
the opinion of some authors, who consider the life of hearth 
blocks only from the point of view of their construction, the present 
author emphasises the important influence exerted by operating 
conditions on the life of these blocks. In this connection, the im- 
portance of correct plugging of the tap-hole and the necessity of 
maintaining tap-hole coolers in an efficient condition, in order to 
minimise the wear and destruction of the walls and the hearth 
block adjoining the tap-hole, are mentioned. The possibility of 
metal construction for hearth bottoms, which was suggested towards 
the end of the last century and a revival of which has been attempted, 
is considered as entirely impracticable. A study of the way in 
which disintegration of the hearth and of the walls round the tap- 
hole proceeds shows that the process progresses rapidly after the 
first few small bricks have become detached and that therefore 
the use of large shaped bricks for the construction of the hearth 
bottom and of part of the walls immediately above it would result 
in considerable improvement in that respect. Finally, in order to 
reduce the temperature to which the bottom is exposed, the level 
of the tuyeres should not be less than 3-3-3-5 metres above the axis 
of the tap-hole, while the bottom itself should be, in turn, at least 
0-5 metres below the same axis. 

Calculations in Connection with the Use of Large Bricks for 
Blast-Furnace Linings. G. Gross. (Stal, 1937, No. 9, pp. 1-3). 
(In Russian). A number of advantages are inherent in the use of 
large bricks for the construction of blast-furnace linings. From 
the economic point of view the number of different shapes of large 
bricks must be as small as possible. The author gives a short 
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specimen calculation of the number of bricks, of only three different 
shapes, required for the lining of a standard 930 cu. m. capacity 
blast-furnace. 

Reasons for the Premature Wear of the Upper Part of the Shaft 
of Blast-Furnaces. N. Kratenko. (Stal, 1937, No. 9, pp. 4-9). 
(In Russian). Some data regarding the operation of four blast- 
furnaces at a Russian works are presented and the reasons for the 
premature wear of the upper part of the shaft are considered. 
Wear appears to have been due partly to incorrect construction and 
partly to the nature of the ore used in the furnaces. 

Refractory Arches. Part I. J. S. McDowell. (Steel, 1938, 
vol. 102, Apr. 25, pp. 42-48). The author discusses the use of the 
arch in furnace construction, the principle of the arch, the design of 
furnace roof arches and certain factors governing it (it is pointed out 
that at present roof design has not been standardised), types of 
bricks for arch construction (including the use of wedge and straight 
bricks), and the advantages of the one-piece skewback brick. The 
forms and dimensions of the bricks referred to are illustrated by 
appropriate diagrams. 

Fireclay Ladle Sleeves. R. A. Heindl and G. J. Cooke. 
(Journal of Research of the National Bureau of Standards, 1938, 
vol. 20, Mar., pp. 411-418). Eight brands of fireclay ladle sleeves, 
representing the product of almost every manufacturer in the United 
States except those on the Pacific coast, were tested for service life 
in a steel foundry ; certain properties of the sleeves were determined 
in the laboratory, namely, the pyrometric-cone equivalent, porosity, 
Young’s modulus, transverse strength, extensibility and linear 
thermal expansion. A correlation of laboratory results and service 
life indicated that the unsatisfactory behaviour of certain of the 
sleeves was due to low refractoriness and to non-uniformity. 
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(Continued from pp. 61 a—64 A) 


Measurement of the Calorific Powers of Solid and Liquid Fuels. 
Calorimetric Correction Equation. M. Véron. (Chaleur et In- 
dustrie, 1938, vol. 19, Apr., pp. 282-290). In discussing the measure- 
ment of the calorific power of fuels, the author deals with the follow- 
ing matters: The nature of the calorific power developed in the 
bomb calorimeter; the determination of the upper calorific power 
at constant volume; the determination of the water equivalent 
of the bomb; the determination of the temperature correction to 
account for external heat exchanges; and the precision of the 
operation. The subject is treated mathematically. 

The Fuel Engineer Looks to Recuperation. EE. Vierow. (Blast 
Furnace and Steel Plant, 1938, vol. 26, Mar., pp. 288-289). After 
briefly reviewing the difficulties experienced in the development 
of recuperators, the author declares that the improved refractory 
recuperator furnace applications of to-day are generally considered 
to be superior to those of regenerative furnaces, when it comes to 
heating steel with high-heat-value fuels such as natural gas, coke- 
oven gas, oil, tar, &c. Itis possible that the recuperative open-hearth 
furnace, because of better control of furnace temperatures and 
atmospheres and of the flow of gases within the furnace, may 
eventually hold great promise in the improvement of ordinary 
steelmaking. 

Pulverised Coal for Steam Generation. R. M. Hardgrove. 
(Twenty-First Fuel Engineering Conference: Blast Furnace and 
Steel Plant, 1938, vol. 26, Apr., pp. 390-391). An analysis of the 
statistics of boiler installations in America made since January 1, 
1936, shows that 66° use pulverised coal; if oil- and gas-fired 
installations are omitted the percentage is then 82. After com- 
menting on these figures, the author discusses the advantages of 
using this type of fuel with reference to control, efficiency and 
operating costs. Various types of pulverisers and furnaces are 
described briefly. 

New Coking and By-Products Installation at West Hartlepool. 
(Iron and Steel Industry, 1938, vol. 11, May, pp., 307-315). This 
well-illustrated article describes the coke-oven and _ by-product 
plant which was put into operation in July, 1937, at the West 
Hartlepool Works of the South Durham Steel and Iron Co., Ltd. 
The plant comprises 30 Gibbons-Kogag compound silica ovens 
measuring 43 ft. 8 in. between buckstaves, 13 ft. 1 in. in height 
from sole to crown, and 16 in. in mean width, with a coal handling 
and blending section, coke handling and screening, and complete 
by-product recovery plant. 
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Refrigeration Process for the Separation of Benzol from Coke- 
Oven Gas. J. Wucherer. (Stahl und Eisen, 1938, vol. 58, June 30, 
pp. 689-692). Methods of recovering benzol from coke-oven gas 
by means of refrigeration are described; their mode of operation 
is explained by reference to two plants in operation, one of which 
works with a compressor and expansion machine to produce the 
cold, while the other utilises the circulation of ammonia gas. The 
advantages of the refrigeration method are enumerated. The 
properties of the crude benzol recovered are indicated. The con- 
ditions under which the process can compete with others are noted. 

Recovery of Ammonia from Gas by the Aid of the Gas Sulphur. 
F. Rosendahl. (Montanistische Rundschau, 1938, vol. 30, July 16, 
pp. 5-7). The author describes the “‘ Katasulf”’ process and the 
jesellschaft fiir Kohlentechnik process of desulphurisation, in both 
of which the ammonia and the sulphur in the gas are caused to 
react to produce salts that may be recovered and worked up. 

The Sulphur Content of Peat and Peat Coke. G. Keppeler and 
K. Wiese. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, June, 
pp. 623-625). In view of the very small sulphur content and the 
very large volume of samples of peat, a special apparatus for deter- 
mining the volatile combustible sulphur and that remaining in the 
ash of peat and peat coke has been developed. Innumerable tests 
made in this way showed that the sulphur content of peat from 
high moors, and still more the coke from such sources, is very low. 
The sulphur that becomes volatile in the usual combustion process 
is particularly low; in the calorimetric bomb with oxygen at 25 
atm. considerably more is volatilised. As the results so obtained 
should be a maximum, this method is recommended for estimating 
the content of volatile combustible sulphur. 

The Energy Balance Sheet of the Gas Engine. fF. W. 
Lanchester. (Engineering, 1938, vol. 145, Jan. 7, pp. 4-5; 
Jan. 21, pp. 55-56; Feb. 4, pp. 114-117; Mar. 25, pp. 319-321; 
Apr. 15, pp. 407-410; May 13, pp. 522-525). The author presents 
a comprehensive discussion on the thermodynamics of the gas 
engine. 

The Applications of Propane and Butane. J. Lefrancq. 
(Mémoires de la Société des Ingénieurs Civils de France, 1937, 
vol. 90, Nov.—Dec., pp. 826-844). The author discusses the 
properties, storage, and general applications of butane 
and propane (both products obtained during the refining of 
petroleum). Particular reference is made to the use of compressed 
or liquefied propane or butane for heating, tempering or carburising 
baths, for heating enamelling or heat-treatment furnaces, and for 
burning in torches with air or oxygen. Mention is made of the 
use of the oxy-propane torch for cutting steel, the propane being 
used to heat the steel, which is afterwards cut by a jet of oxygen. 
The oxy-propane flame is not so hot as the oxy-acetylene flame. 
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. (Continued from pp. 65 a—66 A) 


Inland’s New Blast-Furnace Has Novel Features. C. Longe- 
necker. (Blast Furnace and Steel Plant, 1938, vol. 26, Mar., 
pp. 283-287). A new 1000-ton blast-furnace has been built at 
the Inland Steel Company’s works at Indiana Harbor. The bell 
operating mechanism is novel in that it uses a bell crank action 
instead of the conventional bell beam. This produces a very slow 
motion when starting the opening movement and tends to prevent 
the bell from swinging. Brief particulars are given of the layout 
of the gas lines and of the elevator mechanism, stoves, gas-cleaning 
plant, coke-handling methods and blower machinery. 

New Construction of a Blast-Furnace at Konigshiitte. (Stahl 
und Eisen, 1938, vol. 58, June 30, p. 697). A brief summary of 
an article by Z. Krotkiewski which appeared in Hutnik, 1938, 
vol. 10, pp. 149-167. The new blast-furnace at Kénigshiitte is 
described in detail, and operating data are also furnished. 

Electrical Equipment for Modern Blast-Furnace Skip Hoist. 
C. P. Hamilton. (Iron and Steel Engineer, 1938, vol. 15, May, 
pp. 60-65). To meet the increased size and output of blast-furnaces, 
the capacity of skip hoists has also been improved. The author 
examines two systems adopted on the newer furnaces: First, the 
single-motor hoist with speeds up to 600 ft. per min. and, secondly, 
the two-motor hoist operated by series-parallel rheostatic control 
which is in general use when the speed does not exceed 400 ft. 
per min. The latter is by far the more popular. 

Construction and Operating Results of the Steel-Tube Blast 
Preheater at the Rockling’sche Eisen- und Stahlwerke. A. Holschuh. 
(Stahl und Eisen, 1938, vol. 58, July 7, pp. 721-727). As a result 
of successful experience with steel-tube recuperators, the Réck- 
ling’sche Eisen- und Stahlwerke have built a single-flue steel- 
tube blast preheater for a throughput of 53,000 cu. m. per hr. and 
a preheat temperature of 750° C.; a full and illustrated description 
of the preheater and its control and metering devices is given. The 
satisfactory state of the steel tubes after six months’ operation 
leads the author to a discussion of the conditions imposed on heat- 
resisting steels in the operation of blast-furnace blast preheaters. 
Finally, on the basis of experience so far gained, the author puts 
forward suggestions for alterations in the design of steel-tube blast 
preheaters. 

The Blast-Furnace and its Operation. J. G. West. (Blast 
Furnace and Steel Plant, 1938, vol. 26, Jan., pp. 77-78, 98; Feb., 
pp. 183-185, 208; Mar., pp. 290-293, 314; Apr., pp. 386-387, 
431; May, pp. 496-499 ; June, pp. 614-615, 627-629). The author 
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resents a comprehensive account of the construction and design 
of the blast-furnace and its auxiliary equipment. In particular the 
refractory linings of blast-furnaces and stoves are dealt with. 
Included in this account are descriptions of power plant and elec- 
tricity generating equipment, sintering plant (with tabular data), 
and methods of handling ore during loading. Tribute is paid to 
the bold spirit displayed at Corby by the decision to employ the 
Brassert method of working the blast-furnaces as well as to the 
accurate routine work of the chemists and metallurgists. The 
author suggests that research should be undertaken on the un- 
reduced oxides in metal. The metal kept under slag without 
exposure to air is therefore a field to be studied. In the concluding 
part of the paper the author remarks on the lack of effort in America 
to eliminate the waste of raw materials and suggests that there is 
a great deal of work to be done on low-grade ores. 

Production of Basic Bessemer Pig in the Blast-Furnace with 
Acid-Slag Practice from Low-Grade German Ores. W. Lennings. 
(Stahl und Eisen, 1938, vol. 58, June 9, pp. 623-625). A paper 
under the above title had already been published (see Journ. I. and 
S.I., 1938, No. I., p. 240 a); it was presented again in an amplified 
form at the Forty-First General Meeting of the German Blast- 
Furnace Committee on Feb. 4, 1938. The present article containt 
practical operating results and metallurgical knowledge gained 
since the original paper was printed. 

Study of the Blast-Furnace. M. Estour. (Ninth Conference 
on Thermal Studies: Chaleur et Industrie, 1938, vol. 19, June, 
pp. 425-432). After referring to the reactions taking place between 
iron oxide and the reducing agents and other gases in the blast- 
furnace, the author discusses the composition of the gases and their 
distribution in the furnace, the composition of the solid and molten 
materials in the shaft, the slag composition, and the distribution 
of the melting and reduction within the furnace. 

Remarks on the Efficiency of Thermal Operations and Operations 
of Equilibrium.—Applications to the Blast-Furnace. L. Grenet. 
(Ninth Conference on Thermal Studies: Chaleur et Industrie, 
1938, vol. 19, June, pp. 422-424). After touching on the efficiency 
of thermal operations, the author refers briefly to the development 
of the blast-furnace from the thermal viewpoint, and discusses 
shortly the reactions in the furnace, the production of the ferrous 
phase by the reduction of an oxide by carbon, and the desulphurisa- 
tion of the metallic phase. 

Recent Investigations on Slag. F. F. Franklin. (Blast Furnace 
and Steel Plant, 1938, vol. 26, Apr., pp. 366-369; May, pp. 
493-495). The author reviews the work of prominent metallurgists 
on slag investigations, giving numerous references. He declares that 
it is doubtful whether the formation of metal in blast-furnace slag 
is due to the same causes as that of metal in open-hearth slag, but 
it is safe to say that metals in the slag layer are significant of the 








132 a PRODUCTION OF IRON. 


oxidation reactions occurring there. Various methods of deter- 
mining the viscosity of slag and the applications of data so 
obtained are discussed. Other aspects of the subject which he 
reviews are: Blast-furnace slags, slag inclusions, petrographical 
investigations, recovery of alloy elements, and slags as by-products. 

The Production of Complex Deoxidisers ‘“‘ AMS ”’ by the Bessemer 
Process. M. Gershgorn and P. Slovikskiy. (Stal, 1937, No. 8, 
pp. 24-30). (In Russian). The AMS deoxidisers are ferro-alloys 
containing silicon, manganese, aluminium and carbon. The most 
commonly used composition is silicon 10%, manganese 10%, 
aluminium 5%, and carbon 2%. Usually these ferro-alloys are 
prepared in Russia by melting in electric furnaces or to a lesser 
extent in crucible furnaces. The author describes some large-scale 
attempts to produce this ferro-alloy in a Bessemer converter. In 
the first method tried, air was blown through the metal, 46% ferro- 
silicon being added at the end of the second period and at the 
beginning of the third in order to raise the temperature of the metal. 
Following on this, the calculated amounts of ferro-silicon and ferro- 
manganese were added, the aluminium being finally added, in the 
form of ingots, to the metal in the ladle immediately before pouring. 
In the second method the slag in the converter was rendered fluid by 
the addition of solid ferro-manganese. The blast was then turned 
on and 45% ferro-silicon was added to raise the temperature of the 
metal and the calculated amount of ferro-manganese, which had been 
melted separately in a cupola, was also added. Ingot aluminium 
was again added in the ladle. Full details of the melting processes, 
composition and properties of the material obtained and some 
examples of its use as deoxidisers for low-alloy steel are described. 
It was found that the amount of alloy elements lost by oxidation 
was lower in the second method of melting, and that deoxidisers 
with low carbon contents (0-71%) could be obtained. 

The Iron and Steel Industry in Germany. D. D. Howat. (Iron 
and Steel Industry, 1938, vol. 11, June, pp. 474-476). The author 
relates in general terms sonie impressions he received on a recent 
visit to German iron and steel works. He saw ample evidence of 
the extent to which rationalisation of the industry has been carried 
out, and draws particular attention to the high degree to which 
electrification of all machinery has been carried, the complete 
mechanisation of almost all processes, the general practice of using 
waste-heat boilers in conjunction with the gas engines, and the 
application of various kinds of recording instruments which assists 
materially in maintaining efficient control of all processes. With 
regard to wages, he states that the rates of pay are not high and 
compare unfavourably with those obtaining in Britain. 

The Use of Electric Signalling and Control Systems in Metal- 
lurgical Works. M. Latapie. (Revue de Métallurgie, Mémoires, 
1938, vol. 35, Apr., pp. 145-153; May, pp. 189-199; June, pp. 
233-237), The author presents an illustrated description of electric 
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signalling and control systems for use in metallurgical works. The 
first article deals with the transmission of instructions about a 
blast-furnace plant; the second describes automatic apparatus 
for controlling the pressure in gas mains, and the third explains a 
system of signalling for the control of blooming mills. Details of 
the electrical apparatus are given. 

The Mixing Process and its Importance in the Metallurgical 
Industry. E. Belani. (Montanistische Rundschau, 1938, vol. 30, 
June 16, pp. 1-4). Intimate mixing of powdered materials is of 
importance in various branches of the metallurgical industry. 
The mixture of ores from which sponge iron is made, the slag- 
forming and other ingredients used in the manufacture of high- 
quality and special steels, slags which are ground and sieved before 
disposal—all these should be carefully mixed if best results are 
to be obtained. The author describes the principles and operation 
of machines designed for effecting this intimate mixing. 
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(Continued from pp. 67 A-71 A) 


The Development of the Foundry Industry in the Light of Official 
Statistics. Nischk and Feunel. (Giesserei, 1938, vol. 25, July 15, 
p. 350). On the basis of statistics published by the German Govern- 
ment Patent Office the authors discuss the numerical growth of 
patent rights, applied for and granted. 

Grey Iron Foundry Control. A. R. Parkes. (Institute of 
British Foundrymen: Foundry Trade Journal, 1938, vol. 58, 
May 26, pp. 417-418, 430). The author deals with the metallurgical 
control of foundry raw materials and discusses laboratory routine, 
metal mixing, and cupola control. 

Cast Iron in the Last Hundred Years. KE. Diepschlag. (Giesserei, 
1938, vol. 25, July 15, pp. 345-349). The author reviews the pro- 
gress made in the last century in the technology of cast iron, and 
discusses earlier foundry practice, the development of various types 
of cast iron, their evaluation by the grain, on the basis of their origin 
and by analysis, modern knowledge of the structure of the material, 
and the objectives towards which science must now be directed. 

Melting in the Cupola.—A Working Hypothesis. H. Jungbluth 
and H. Korschan. (Technische Mitteilungen Krupp, Forschungs- 
berichte, 1938, No. 5, June, pp. 79-100). The authors put forward 
the following working hypothesis to explain the process of melting 
in the cupola : The blast introduced into the cupola burns the carbon 
in front of the tuyeres almost completely to CO,. Then, in- 
dependently of the charge coke, the spatial expansion of the zone 
of incandescence depends only on the volume of the blast; for a 
constant blast volume it remains of constant volume. The increase 
in the melting rate with constant charge coke and increasing blast 
volume is due to the fact that, owing to the consequent increased 
volume of incandescent coke, more coke is burnt per unit of time, 
and hence the charge can sink down the furnace more rapidly. 
With constant blast volume and increasing charge coke the corre- 
spondingly increased proportion of coke not burning in the 
incandescent zone serves to reduce the CO, formed in the latter 
zone to CO. As, with increasing amounts of charge coke, there 
are increasing quantities of this “excess” coke to be removed 
before the charge can reach the zone of incandescence, a decrease 
in the melting rate sets in. An investigation of the temperature 
of the iron produced and the drawing-up of heat balances showed 
that the working hypothesis here developed is not contradictory 
to the thermal data. 

White Cast Iron. P. L. Ward. (South African Branch of the 
Institute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 58, June 2, pp. 441-442, 443). The author discusses cupola 
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operation and moulding practice for the production of white-iron 
castings. The effects of various elements in white cast iron are 
also summarised. 

The Use of Cast-Iron Borings. A. Palmucci. (Industria 
Meccanica: Foundry Trade Journal, 1938, vol. 58, June 2, pp. 
437-438). The author discusses briefly the melting of cast-iron 
borings in electric furnaces and cupolas and also the melting of 
borings in canisters. Particulars of costs are given. 

Britain’s Largest Oil-Fired Rotary Melting Furnace. (Foundry 
Trade Journal, 1938, vol. 58, June 23, p. 530). Particulars are given 
of the 5-ton Stein and Atkinson oil-fired rotary furnace in operation 
at the works of Glenfield and Kennedy, Ltd., Kilmarnock, for the 
production of high-quality cast iron. 

A New Type of High-Temperature Melting Furnace with Graphite- 
Rod Heating. O.Junker. (Stahl und Eisen, 1938, vol. 58, June 30, 
pp. 698-699). The furnace is of the drum type, and can be rocked 
about its axis or tilted. The heating element is a rod of graphite 
placed at the axis of the furnace ; current of 400-500 amp. per sq. 
cm. at not more than 40 V. is passed through it, and its temperature 
can rise to 2300° C. The graphite rod can be removed during the 
charging of the furnace and is easily replaced when necessary. 
In operation the furnace atmosphere contains a large amount of 
carbon dioxide, but there is no free carbon that could carburise 
the bath. The capacity of the furnace appears to range up to 
100 kg.; it can be used for melting cast iron and special steels. 
Some figures for the cost of melting steel scrap are given. 

The Brackelsberg Furnace as a Foundry Melting Unit. E. F. 
Cone. (Metals and Alloys, 1938, vol. 9, May, pp. 105-110). This 
furnace consists of a cylindrical steel shell with a refractory lining. 
It is open at both ends and rotates mechanically on its axis at 
about 1 r.p.m. It can be tilted both for charging and for slagging, 
the movements being electrically controlled. It is fired with 
pulverised coal. The capacity is usually not less than 5 tons. After 
giving this description, the author proceeds to discuss some of the 
installations at American foundries where this type of furnace has 
found favour for preparing the alloy steel to make Ford brake 
drums, clutch plates and flywheels. 

Improving Steel Foundry Practice. J. Deschamps. (Institute 
of British Foundrymen: Foundry Trade Journal, 1938, vol. 58, 
Apr. 14, pp. 309-312). The author discusses a number of aspects 
of steel foundry practice with special reference to the production 
of castings of plain carbon steel. 

Moulding Sand, with Special Reference to Blind Scabs. S. 
Carter and A. W. Walker. (Institute of British Foundrymen : 
Foundry Trade Journal, 1938, vol. 58, May 26, pp. 423-428). The 
authors present data on the tendency of certain moulding sands 
to produce scabs, and discuss the effects of a number of factors on 
the appearance or elimination of this type of defect. 
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Some Factors in Sand Testing. T. R. Walker. (Institute of 
British Foundrymen: Foundry Trade Journal, 1938, vol. 58, 
June 9, pp. 455-456; June 16, pp. 483-484). The author dis- 
cusses a number of factors to be considered in determining the 
green and dry strength of moulding sand in compression. He 
discusses the preparation of cylindrical specimens and the method 
of effecting compression, and the effects of water content, time, and 
drying. 

The Randupson Process of Cement Moulding. F. W. Rowe. 
(Institute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 58, June 23, pp. 520-526). The author enumerates the ad- 
vantages and disadvantages of the Randupson process and shows 
examples of castings produced by this method. 

The Production of Cast-Iron Water Pipes. A. Platonov. (Stal, 
1937, No. 8, pp. 41-45). (In Russian). Methods of production with 
special reference to centrifugal casting processes are briefly described, 
and ways and means of increasing and improving the present 
production in the U.S.S.R. are considered. 

A Modern Chilled-Shot Factory. (Foundry Trade Journal, 1938, 
vol. 58, June 23, pp. 529-530). A short illustrated account is given 
of the plant and operations of “ Abrasives,” at Slough, for the 
production of chilled-iron shot. Metal is melted in a cupola which 
is blown somewhat harder than in normal foundry practice, and 
consequently there is a heavier metal loss. There are two ponds 
about 16 ft. deep to which water is supplied from a cooling tower ; 
by regulating a valve at a point where the streams of water and 
molten metal meet, the operator can produce at will granulated 
or round shot, or a mixture of both. 

Conference Visits to Specialised West Yorkshire Foundries. 
(Foundry Trade Journal, 1938, vol. 58, June 23, pp. 509-519). 
Illustrated particulars are given of the equipment of the under- 
mentioned foundries which were visited by Members of the Institute 
of British Foundrymen during the Bradford Conference of that 
Society: J. Blakeborough and Sons, Ltd., Brighouse; Thomas 
Broadbent and Sons, Ltd., Huddersfield; Fairbairn Lawson 
Combe Barbour, Ltd., Leeds; John Fowler and Co. (Leeds), Ltd. ; 
Hepworth and Grandage, Ltd., Bradford; Hopkinsons, Ltd., 
Huddersfield; Modern Foundries, Ltd., Halifax; and Price- 
Smith and Stells, Ltd., Keighley. 

The Foundry of Ruston and Hornsby, Ltd., Lincoln. (Foundry 
Trade Journal, 1938, vol. 58, June 9, pp. 461-468). An illustrated 
description is given of the layout and equipment of the core-making 
department, the main foundry, the mechanised foundry, the fettling 
department, the core-sand recovery section and the pattern-making 
shops at the above-mentioned foundry. 














( 1374 ) 


PRODUCTION OF STEEL 





(Continued from pp. 72 aA—74 A) 


The Former Neuberg-Mariazell Associated Companies. A. 
Kroitzsch. (Zeitschrift des Osterreichischen Ingenieur und Archi- 
tekten Vereines, 1938, vol. 90, July 8, pp. 208-209). The author 
traces briefly the history of three works at Neuberg, Mariazell, 
and Aschbach, situated to the north of the Seeberg and Veitschalp 
in Austria, and touches on their plants. Owing to the high quality 
of the local ore available their steel was of high repute, but the 
introduction of the basic Bessemer process, with its cheap steel 
produced from plentiful supplies of ore, brought competition to 
these works which they could not face and they are now closed 
down. It is interesting to note that “‘ Neuberg refined steel ” 
was made by a duplex process ; the metal was blown in a converter 
and then transferred to an open-hearth furnace, where it was 
recarburised and then held molten for some hours to allow the gases 
absorbed in the converter to escape; at the same time any error 
in the Bessemer blow could be corrected, and the properties of the 
steel could be adjusted as required by means of suitable additions. 

A Formula for the Rapid Determination of the Amount of Ore 
Added for the Regulation of the Bessemer Process. Ya. Smolyanit- 
skiy. (Stal, 1937, No. 9, pp. 25-27). (In Russian). At one large 
Russian works the method adopted to control the temperature in 
the Bessemer process was to add iron ore to the converter. It is 
claimed that the addition of ore while the blast is on accelerates the 
burning away of impurities, which results in a shortening by about 
30% of the time required for the blast, and a reduction in the amount 
of iron oxidised. An increased output capacity and reduced pro- 
duction costs are also obtained. This practice has no deleterious 
effect on the quality of the metal and enables one to utilise pig iron 
with silicon contents up to 2-3%. The ore added had the composition : 
Fe,0, 91:0%, SiO, 50%, Al,O, 15%, MnO 0-26%, CaO 0-30%, 
MgO 0-10%, and H,O 1:0%. From a consideration of the chemical 
reactions taking place on the addition of the ore and the effect of the 
addition on the heat balance, the author derives the following 
formula for the percentage amount of ore required : 

A=USi 3(7' — 1200) 

= 7(Si — 1-25) + 0-5(Mn — 1-00) + 0-3 (C — 3-8) + ao 
where Si, Mn, and C stand for the silicon, manganese, and carbon 
contents of the metal in the converter and 7' its temperature on 
the centigrade scale. 

The Basic Bessemer Process. H. Malcor. (Ninth Conference 
on Thermal Studies: Chaleur et Industrie, 1938, vol. 19, June, 
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pp. 409-412). The author presents a general discussion of the 
thermal aspect of the operation of the basic Bessemer process. 
He first considers the heat generated by the combustion of the 
various elements in the liquid iron, and points out that the opinion 
held by some that the combustion of the iron itself would not be 
sufficient to maintain the charge in the molten condition and that 
the heat of combustion of the carbon is nearly nil, is erroneous. 
He next gives consideration to the question of the moment at which 
the blow should be stopped and the regulation of the temperature 
at the finish of blowing. Finally he touches on the heat generated 
by the combustion of silicon and the causes of ejects. 

Continuously Heated Open-Hearth Furnaces. N. Sokolov. 
(Stal, 1937, No. 8, pp. 12-23). (In Russian). The author con- 
siders the unsatisfactory features of an open-hearth furnace and 
then goes on to examine in greater detail the consequences of some 
more recent developments and trends in open-hearth practice, in 
particular the tendency to use fuel gas of higher calorific value. In 
connection with this, the question of the relative importance of 
preheating the air and gas is discussed. In the author’s opinion, 
the future design of an open-hearth furnace in which the regeneration 
principle is employed should embody : Continuous heating, the fuel 
gas being supplied from both ends of the furnace; a constant 
temperature of the air supply throughout the whole heat; and, 
finally, the principle of heating only the air and not the fuel gas 
supply. In conclusion, some existing types of continuously heated 
furnaces are described. 

A Unidirectional Flame Flow Steel Furnace with Complete 
Utilisation of the Heat. V.Mozharov. (Stal, 1937, No. 8, pp. 31- 
32). (In Russian). The design for such a type of furnace suggested 
by Raytman (Stal, No. 3, 1937) is criticised from the output 
capacity point of view. It is pointed out that although the output 
capacity of the suggested design would be less than that of ordinary 
open-hearth furnaces, it is possible to develop the idea still further, 
and that it may lead to valuable practical results. 

The Construction and Durability of Large Tilting Open-Hearth 
Furnaces. S. Sapiro. (Stal, 1937, No.9, pp. 12-21). (In Russian). 
Extensive details are given regarding the design and construction 
of large tilting open-hearth furnaces at the Russian Azovstal Steel- 
works, and their operating characteristics are described. 

Fuel-Air Ratio Control for Open-Hearth Furnaces. T. A. 
Peebles. (Blast Furnace and Steel Plant, 1938, vol. 26, Apr., 
pp. 404-405). <A recently rebuilt fuel-air ratio control on an open- 
hearth furnace of the Steel Company of Canada is described and 
illustrated with a pipe-line diagram. The pipe-line system is 
devised so that fuel oil can be used instead of coke-oven gas when 
the supply of the latter fuel is insufficient to meet all the require- 
ments of the plant. In this case the same control system can still 
be used. 
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Automatic Pressure and Combustion Control in Open-Hearth 
Furnaces. K. Golosman. (Stal, 1937, No. 9, pp. 22-24). (In 
Russian). Several examples of equipment abroad are briefly 
described and illustrated. 

Pig Iron for Steelmaking and its Relation to the Melting Process 
in the Steelworks. K.Schifferand W. Feldmann. (Stahl und Eisen, 
1938, vol. 58, June 16, pp. 641-646). A new method has been devel- 
oped and tested for determining the fluidity of pig iron intended for 
steelmaking purposes. The fluidity is measured by observing the loss 
of weight of a mild-steel bar dipped into the pig iron flowing in the 
launder. The viscosity is dependent on both the temperature and 
the composition. As the temperature and the contents of carbon, 
manganese, and phosphorus rise the pig iron becomes more fluid, 
but increasing contents of graphite and silicon increase the viscosity. 
The quantity and condition of the slag have no clear-cut influence. 
As the output increases, the iron becomes more fluid. By working 
to the most favourable throughput time, the variations in the 
chemical and physical characteristics are kept to a minimum. The 
influence of the fluidity on the course of melting was deduced 
indirectly ; it is masked by the effects of the metallurgical processes 
in the steelworks. The effects of the factors at the blast-furnace 
on the course of melting were therefore studied separately. The 
fluidity of the pig iron, which is the resultant of the influences of 
the individual factors, was shown by the examination of frequency 
curves to be a “ yardstick ” for the quality of the iron. 

An X-Ray Method of Checking the Killing and Deoxidation of 
Steel. I. Frantsevitch. (Stal, 1937, No. 9, pp. 62-63). (In 
Russian). A short note with illustrations refers to a method of 
determining the degree of deoxidation by a radiographic method. 
The possibility of using this method in the works for checking the 
quality of the metal being cast is now being examined. 

The Composition of the Gas Emitted from an Open-Hearth 
Steel Bath. B. Kalling and N. Rudberg. (Jernkontorets Annaler, 
1938, vol. 122, No. 3, pp. 91-107). The gas emitted from the charge 
in an open-hearth furnace was collected in a special apparatus and 
analysed. The main purpose of the investigation was to ascertain 
if the hydrogen content of the steel bath during melting could be 
estimated with sufficient accuracy from the hydrogen content of the 
gas evolved. The hydrogen content in question was found to be 
as a rule 2-3%. It appears that it is possible to estimate the 
hydrogen content of the bath in this way if accurate methods of 
analysis are used. An apparatus for collecting a sample of the gas 
is described. Considerable quantities of nitrogen and hydrogen 
are absorbed by the bath, and the content of the latter gas rapidly 
reaches a constant value, the quantity absorbed from the furnace 
gases being more than equal to that evolved from the bath for an 
equal period of time. The nitrogen absorption appears to be 
governed by a similar law. The results of the authors’ experiments 
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seem to indicate that the hydrogen content in an acid open-hearth 
bath may normally be brought to a lower level than that of a basic 
open-hearth bath, but further investigations are required before 
definite conclusions can be drawn. 

Duplex Furnaces of the Mavag-Weigl Type. E. von Weigl. 
(Stahl und Eisen, 1938, vol. 58, June 2, pp. 595-602). The author 
states that the first ‘“ duplex ” steelmaking furnace was put into 
operation in September, 1935, at the Didsgyérivasgyar Works of 
the Royal Hungarian State Iron, Steel and Machine Works (Mavag). 
It is an open-hearth furnace so designed that the charge is melted 
down and refined with gas-firing while the finishing is carried out 
with electric heating. After the refining period, the first slag is 
removed, the gas and air ports are closed tightly in order that a 
reducing atmosphere may be generated in the furnace, apertures 
in the roof are opened and the arc electrodes are lowered into the 
laboratory ; finally, the current is turned on and the second slag 
is charged. Details of the furnace are described and illustrated, 
and full information regarding the operation of the furnace, the 
output, the consumption of current, coal (for gas-making) and 
electrodes, the life of the furnace, economies obtained, the advantages 
of this type of furnace, and the furnace equipment is given. 

Ingot Moulds. N. H. Bacon. (Lincolnshire Iron and Steel 
Institute, Mar. 29, 1938 : Iron and Steel Industry, 1938, vol. 11, May, 
pp. 326-331). The author gives a detailed description of the method 
employed at the works of Messrs. Steel, Peech, and Tozer to 
study the life of ingot moulds, and discusses the conclusions reached. 
The ideal ratio of wall thickness to mould weight is 0-06, and the 
best mould wall thickness is that which results in 50% of the mould 
failures being due to major cracking and 50% to crazing of the 
working face. A study of the history cards of 1,000 moulds brought 
out the effect of changes in the silicon and manganese contents on 
the life of the moulds. It was found that when the silicon content 
was about 2% it was definitely advantageous to increase the 
manganese, but as the silicon was reduced this was no longer the 
case. The study showed that with silicon 1-80% or over, 1% or 
more manganese increased the life, whereas below 1-60% silicon, 
the lower manganese gave the better results. Other factors 
affecting the life of the mould which are dealt with are: Cooling 
of the moulds, the stripping time and method of stripping, the 
method of teeming, design, and the mixture of hematite pig and 
scrap used to make the mould. 

Tasks of the Electrical and Mechanical Departments of an Iron 
and Steel Works for the Four-Year Plan. N. Hoffmann. (Stahl 
und Eisen, 1938, vol. 58, June 23, pp. 665-667). The author 
reviews various means that may be adopted to assist the German 
four-year plan, such as increasing the efficiency of the steel plant 
by the introduction of improvements, the raising of competitive 
ability, or the replacement of foreign materials by German materials. 
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The subjects discussed include: The lubrication of flanges of cvane 
travelling wheels; adjustable axle bearings; the replacement of 
copper trolley wires of cranes; alteration to the auxiliary 
contact fingers of direct-current contactors; the provision of 
subdivided and removable roofs to engine rooms; the supply of 
current to crane bays of straightening departments and of steel- 
works ; the mechanisation of slag-ladle tilting devices ; the lubrica- 
tion of the punches of sleeper punching machines; and improve- 
ments to limit switching devices. 

The Present-Day Position of the Comparison of Costs in the Steel- 
Producing Industry. H. Kreis. (Stahl und Eisen, 1938, vol. 58, 
May 26, pp. 569-572). 
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Application of Roller Bearings to Rolling-Mill Cranes. K. 
Rosenbaum. (Stahl und Eisen, 1938, vol. 58, June 9, pp. 630- 
631). The author records briefly the experience of a large steel- 
works with the application of roller bearings to the rolling-mill 
cranes; sketches of various bearings are given. An appliance for 
greasing the sides of the heads of the rails on which the cranes 
run, in order to reduce the wear on the wheel flanges, is also 
illustrated. 

Textolite Bearings for Rolling Mills. S. Polnomochny and A. 
Dvornikov. (Stal, 1937, No.9, pp. 41-44). (In Russian). Eighty- 
five to ninety per cent. of Russian rolling mills are now fitted with 
“ Textolite ’’ synthetic resin bearings in place of the bronze or 
white-metal bearings previously used. Suitable designs for these 
bearings for various types of mills and experience obtained with 
them are described. 

Camera Shows Making of Taper Roll Bearings. (Blast Furnace 
and Steel Plant, 1938, vol. 26, Apr., pp. 363-365). A series of ten 
photographs illustrates various processes used by the Timken 
Roller Bearing Co. for the manufacture of bearings for rolling 
mills, and a brief description of the different stages of manufacture 
is given. 

“Automatic Pressure Lubrication Plant on a Heavy Rolling Mill 
with Artificial-Resin Bearings. F. Kosters. (Stahl und Eisen, 
1938, vol. 58, June 16, pp. 653-654). A brief illustrated description 
is given of the automatic pressure lubrication appliances fitted to 
the 850-mm. section mill at the Réckling’sche Eisen- und Stahlwerke, 
Germany. 

Ingotless Rolling of Steel Sections. N. Groume-Grijimailo. 
(Stal, 1937, No. 9, pp. 37-40). (In Russian). The steel to be rolled 
is cast into an “ infinite’? mould formed by thick metal plates 
carried on two endless chain conveyors situated opposite and parallel 
to one another. The metal leaves the “ mould ” with only an outer 
crust of solidified metal, the liquid core solidifying on the way to 
the rolling mills. The design of such a machine is illustrated. 
The calculated output capacity is 100 tons per hour. 

Problems of High Quality Metallurgical Production During the 
Third Five-Year Plan. K.Grigorovich. (Stal, 1937, No. 9, pp. 9-14). 
(In Russian). The present shortcomings of the Russian steel industry 
in regard to quality of output and developments planned during 
the third five-year plan are dealt with. In connection with the 
latter, the reference to the application on the industrial scale of 
ingotless rolling is of interest. Plant is at present being constructed 
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for the American (Hazlett) process and the liquid rolling process, 
developed by Professor Ulitovskiy in Leningrad. It is intended 
to use the latter process particularly for the production’ of thin 
(0-1 mm.) transformer steel sheet. 

The ‘ Overlapped ’’ Method of Rolling. V. D. Trofimchuk. 
(Stal, 1937, No. 9, pp. 46-49). (In Russian). In the “ overlapped ” 
method of rolling steel sections in three-high rolling mills with rolls 
having a number of progressively decreasing passes, two sections, 
at different stages of the rolling process, are allowed to pass through 
the rolls simultaneously. In view of the greater stresses on the 
rolls as compared with those set up when only one section is 
rolled at a time, some effect on the dimensional accuracy of the rolled 
products may be expected. In the article the author summarises 
some data regarding this effect, obtained by measurements on rails 
rolled in a 500-mm. diameter section rolling mill by the “ over- 
lapped ”’ method, and in conclusion examines some possibilities of 
reducing dimensional variations when using this method of rolling. 

The Sticking of Thin Sheets. E. Schauff. (Stahl und Eisen, 
1938, vol. 58, July 7, pp. 734-735). The sticking of thin sheets 
during box-annealing is influenced by the annealing temperature, 
the sheet thickness, the height of the pile, the evenness of the sheet, 
and the surface conditions. The author discusses the mutual 
effects of these factors on one another and on the tendency of the 
sheets to stick together. 

Republic’s New Strip Mill. (Blast Furnace and Steel Plant, 
1938, vol. 26, Apr., pp. 370-371, 377-379, 480; May, pp. 500- 
504, 534-536). A detailed description of the new 98-in. hot and 
cold strip mills of the Republic Steel Corporation opened at 
Cleveland, Ohio, last March, is given in this article. Particular 
stress is laid upon the electrical devices used to control temperatures 
and speeds throughout the hot-rolling, pickling, annealing and 
cold-rolling processes. It is interesting to note that the slab- 
heating furnaces are equipped with refractory-tile recuperators. 

Power Requirements of a 56-in. Hot Strip Mill. F. O. Schnure 
and R. H. Wright. (Iron and Steel Engineer, 1938, vol. 15, May, 
pp. 44-59, 65). The authors describe the additional electric power 
plant installed at the Maryland Works of the Bethlehem Steel 
Company to supply the new hot strip mill. The company receives 
electric power supply through two 33,000-V. circuits in two 33/6-6- 
kV. substations, one of these having one transformer and the other 
four. All five are 10,000-kVA. three-phase transformers. The 
electrical features of the main drives and the tests made to check 
the power requirements of the mill are also discussed. 

Instrumentation of Modern Strip Mills. R. H. Ellis and J. L. 
Whitten. (Iron and Steel Engineer, 1938, vol. 15, June, 42- 
59). In Part I. of this paper Whitten discusses the applications 
of automatic temperature-recording and gas-analysing instruments 
in a modern strip mill. An instrument is now available for record- 








144 4 ROLLING-MILL PRACTICE. 


ing the temperature of fast-moving bodies which will give a full- 
scale reading in 3 sec. The importance of organising a separate 
department which is solely responsible for instrument maintenance 
is stressed. Part II., by Ellis, deals with the mill speed indicators, 
productimeters, tensiometers, and electric meters. An important 
development is the pressuremeter for indicating the static load on 
a mill housing developed by the screwdown. This can be used to 
pre-set the loading of a mill, and can provide a means of setting up 
the mill for proper reduction without the use of trial coils when it 
is desired to roll cold thin material such as tinplate. 

Electric Rolling Mill and Furnace Equipment at the Eastwood 
Rolling Mills. (Iron and Steel Industry, 1938, vol. 11, May, pp. 
339-341). A brief description is given of this new plant at Rother- 
ham which has a weekly output of 180 tons of cold-rolled strip ranging 
from % in. to 14 in. wide, and from 0-004 in. to 3 in. thick. The 
electric equipment includes ten slip-ring motors of from 40 to 100 h.p., 
two 2-ton hoists, and two G.E.C. Grunewald electric furnaces. 
The coal-gas burner from which the artificial atmosphere is obtained 
for these furnaces is an interesting feature, for by its use the 
Grunewald process can be used for bright-annealing when burning 
town gas. 

Cold Roll Forming of Strip Steel. H.W. Kane. (Iron and Steel 
Engineer, 1938, vol. 15, Apr., pp. 28-33). A very optimistic view 
of the future which awaits the development of cold-roll forming 
machines is taken by the author in this paper, which deals more 
with the prospects of the cold-roll forming industry than with its 
technique. The advantages of cold-roll forming which he enumerates 
are: High production speed, low initial tooling and machine cost, 
low unit rolling cost, saving in floor space, and the fact that a 
section can be completely formed in one pass. 

New Steel Tube and Cylinder Plant at Chesterfield. (Iron and 
Steel Industry, 1938, vol. 11, June, pp. 465-466). Extensions to 
the plant of the Chesterfield Tube Co., Ltd., are briefly described. 
The manufacturing range will comprise, as standards, weldless 
steel products up to 40 in. in outside dia. and 35 ft. long, and as 
“ specials”’ up to 52 in. in outside dia. The maximum billet 
or ingot weight that can be handled will be 16 tons. The im- 
portant feature of this plant is the vertical hydraulic billet piercing 
press of triple-cylinder-type construction. This press is capable 
of producing a hollow forging 9 ft. long in one operation. This 
plant is almost completed and it is hoped to have it in operation in 
July this year. 

New Seamless Pipe Mill at Youngstown. (Iron and Steel 
Engineer, 1938, vol. 15, May, pp. 66-68). Sheet and Tube Operates 
New Seamless Pipe Mill. (Blast Furnace and Steel Plant, 1938, 
vol. 26, May, pp. 481-483). A description is given of a new mill 
for making 4}-in. to 14-in. dia. seamless pipe at the works of the 
Youngstown Sheet and Tube Company, Youngstown, Ohio. 
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Improving the Quality of Tubes by Correct Calibration of the 
Rolls and Adjustment of the Straighteners. P. Emel’yanenko. 
(Stal, 1937, No. 8, pp. 34-40). (In Russian). A mathematical 
treatment of the problem of roll design. 

Direct Current Drives for Runout Tables and Coilers. L. A. 
Umansky. (Iron and Steel Engineer, 1938, vol. 15, Apr., pp. 
16-26). In this paper the author discusses the reasons for the recent 
change to the use of D.C. motors for driving runout tables and 
coilers of modern wide and fast hot strip mills. He is of the opinion 
that, while A.C. motors will hold their own where the power involved 
is relatively small and when starting and stopping is not frequent, 
the system of using D.C. motors has definite advantages in larger 
mills. In discussing the paper, H. W. Neblett said that a factor not 
mentioned was that with A.C. motors controlled by variable 
frequency, the frequency could not readily be varied over a greater 
range than from 15 to 60 cycles; whereas, with D.C. drives using 
Ward-Leonard controls, smooth acceleration can be obtained from 
zero to the full speed of the motor. 

Conversion of a Thin Sheet and Wire Mill to Electrical Operation. 
H. Bauer. (Stahl und Eisen, 1938, vol. 58, May 26, pp. 572- 
574). The author gives full details of the electric motors, drives, 
and ancillaries with which a thin-sheet and wire mill was equipped 
in place of steam engines and belt drives that had been in service 
for more than 40 years. 

First Power Rectifier in an American Steel Mill. W. E. Gutz- 
willer. (Iron and Steel Engineer, 1938, vol. 15, June, pp. 24-28). 
The author describes a 1000-kW., 4000-amp., 250-V. mercury arc 
rectifier, capable of carrying 125% load for two hours and 200% 
load for one minute. The average D.C. load on this set over 10,000 
operating hours has been approximately 151 kW., equivalent to 
about 15-1% load factor. Based on the guaranteed overall efficiency, 
and with this load factor, the use of the rectifier has resulted in a 
calculated power saving of approximately £520 over a conventional 
synchronous motor-generator set. The author declares that it will 
not be long before these rectifiers will supply D.C. current to main 
roll drives. 

Selection of Insulated Cables for Steel Mills. F. L. Aime, R. B. 
Steinmetz, and S. J. Rosch. (Iron and Steel Engineer, 1938, 
vol. 15, June, pp. 60-78). The authors review the fundamentals of 
cable engineering, and discuss some of the advances in the art of 
cable manufacture with a view to assisting the steelworks engineer 
in the selection of the most suitable cables for use in a steel mill. 
The factors involved in cable selection are divided into the three 
groups: Design; installation; and operation. These three groups 
are divided into numerous sections, each of which is discussed 
separately. 
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(Continued from pp. 82 Aa-84 A) 


Various Methods of Blowpipe-Hardening. Some Applications. 
(Soudeur-Coupeur, 1938, vol. 17, Apr._May, pp. 24-49). Various 
methods of surface - hardening by means of the oxy-acetylene blowpipe 
and their application to various steel articles are described. 

The Practice of Blowpipe-Hardening. Regulations and Checking. 
(Soudeur-Coupeur, 1938, vol. 17, Apr.—May, pp. 50-52). The 
regulation and checking of the oxy-acetylene blowpipe used in the 
surface-hardening of steel articles are described. 

Practical Aspects of Controlled Atmosphere Annealing in Electric 
Tunnel Furnaces. J. Marll. (Metal Treatment, 1938, vol. 4, 
Spring issue, pp. 3-8). The author discusses the selection of con- 
trolled-atmosphere furnace installations for specific purposes and 
the operation and control of different types in use. The factors 
which must be taken into account in selecting particular plant are 
considered, and the methods to be adopted in establishing and 
maintaining control are described. 

Radiant-Tube Annealing Covers. C. H. Carpenter. (Iron and 
Steel Engineer, 1938, vol. 15, May, pp. 36-43). After tracing the 
brief history of radiant-tube annealing furnaces, and paying tribute 
to the work of Lee Wilson, the author describes some of the latest 
types of furnaces. These include a small cylindrical unit designed 
for high-quality, low-tonnage, short-cycle charges. The temperature- 
control devices are also described, and typical graphs are re- 
produced showing time-temperature curves for various charges. 

Relief of Internal Stress in Castings. L. E. Benson and H. 
Allison. (Institute of British Foundrymen: Foundry Trade 
Journal, 1938, vol. 58, June 23, pp. 527-528; June 30, pp. 543- 
544). An account is given of experiments carried out to determine 
the degree of stress relief to be obtained from different annealing 
treatments on cast iron, carbon steel, gun metal and a high-tensile 
bronze. 

The Internal Mechanism of Quenching. A. Bilard. (Soudeur- 
Coupeur, 1938, vol. 17, Apr.—May, pp. 3-21). After touching on 
the history of the study of the mechanism of quenching, the author 
discusses the modifications which may take place in steel in the 
course of heating. In this connection he discusses the trans- 
formations occurring in pure iron and in 0-9% carbon steel and 
the changes that may occur in a steel of any given carbon content. 
He next deals with the modifications of steel during cooling and 
gives attention to hysteresis, the reversibility of the transformations 
during slow cooling, and the factors tending to retard the establish- 
ment of equilibrium. He then indicates the procedure for studying 
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the internal mechanism of quenching, dealing separately with the 
causes that provoke the displacement of the transformations and 
the effects produced by these transformations. Finally he discusses 
the results obtained during the investigation of quenching, and gives 
attention to the phenomena that accompany an increase in the 
speed of cooling, those accompanying an increase in the initial 
temperature, characteristic quenching curves for eutectoid steel, 
and the extension of the observation of these phenomena to steels of 
all carbon contents. 
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WELDING AND CUTTING 


(Continued from pp. 85 A—89 4) 


Controlling the Work of Arc Welders. R. Salelles. (Revue de 
la Soudure Autogéne, 1938, vol. 30, May, pp. 395-397). The author 
describes methods for measuring the voltage and current density of 
the arc during the welding of a joint by the arc process and also 
apparatus for automatically recording the effective welding time. 
In his preliminary remarks the importance of these factors from 
the standpoint of controlling the work of the operative is emphasised. 

Automatic Welding Machines, Gas-Cutting Machines and Gas- 
Hardening Machines. IF. Welter. (Stahl und Eisen, 1938, vol. 
58, July 7, pp. 727-729). The importance of automatic gas-cutting 
and welding machines, and also surface-hardening machines, to the 
maintenance services is pointed out. An example is given to show 
the rapidity and economy of the production of parts for welded 
structures. Electric building-up welding machines serve for the 
renovation of worn parts, e.g., the wheels of travelling cranes. 
Parts subject to wear, for instance, gear teeth, can be hardened by 
the gas surface-hardening machine and so are protected in advance 
from wear. 

Deformations during Patch Welding. E. Gerold and H. Miiller- 
Stock. (Stahl und Eisen, 1938, vol. 58, June 30, pp. 693-696). 
The permanent deformations set up when welding patches into 
discs of steels St 34 and St 52 were investigated. Corresponding to 
its low yield point, the permanent deformations in steel St 34 were 
much greater than in steel St52. For the development of the 
permanent deformations and their relation to the residual stresses 
remaining after the welding, the following rule was found: The 
permanent deformations set up during the heating-up in welding 
are compressive in the direction of the heated weld edges. The 
residual stresses acting in the weld direction, remaining after cooling 
down, are of opposite sign to the direction of the permanent de- 
formation—they are tensile stresses. If the permanent deformation 
takes place first only during cooling down, then the direction of the 
residual stresses is the same as that of the permanent deformation. 
The deformations are extension, and the stresses are again tensile. 

The Granite City Strip Welder. R. E. Kinkead. (Blast Furnace 
and Steel Plant, 1938, vol. 26, Apr., pp. 375, 424). In an illustrated 
article the author gives a brief description of the Linde-United 
automatic gas-welding machine, an interesting feature of which is 
that the welding heat is automatically controlled by a photo-electric 
cell to give the correct penetration from top to bottom. 

Assembling Galvanised Sheets by Weld-Brazing. R. Meslier. 
(Revue de la Soudure Autogéne, 1938, vol. 30, May, pp. 392—394). 
The author discusses the difficulties encountered in and the dis- 
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advantages of the welding of galvanised sheet by the electric 
are or oxy-acetylene methods. Weld-brazing presents definite 
advantages, although it is pointed out that this process is not 
necessarily recommended to replace autogenous welding entirely 
in every case; experience has shown, however, that joints made by 
weld-brazing are mechanically strong and have excellent corrosion- 
resisting properties. The brazing material used should not evolve 
zinc fumes while being used, and the flux employed should possess a 
scouring action and should inhibit the volatilisation of zinc (the 
powder flux employed for weld-brazing cast iron is said to give 
excellent results on galvanised sheet). For inexperienced workers 
a torch consuming about 30 litres per hr. per mm. thickness of sheet 
is advised until they have perfected the technique, when a con- 
sumption up to 50 litres per hr. may be allowed ; a gas consumption 
above this latter figure is useless and objectionable. The author 
outlines the method for preparing the work for brazing and describes 
the brazing process. 
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Comparative Turning Tests on Chromium-Nickel and Chromium- 
Molybdenum Structural Steels. W. Bliithgen. (Stahl und Kisen, 
1938, vol. 58, June 16, pp. 646-650). The author reports the 
results of comparative machinability tests made on case-hardening 
and heat-treatable steels containing (a) 0-15-0-40% of carbon, 
1-2% of chromium, and 0-20-0-40% of molybdenum, and (6) 
0-15-0-40% of carbon, 0-5-1-:0% of chromium, and 1-5-4:5% of 
nickel. The test method used was that devised by Gottwein and 
Reichel: By means of two turning tools, of similar shape but of 
different materials, turnings of the same cross-section are removed 
simultaneously under similar conditions of cutting, so that in both 
cases the same heat of cutting is developed and, the amount of 
heat conducted away being the same, the same temperature is 
generated; by connecting the two tools to a millivoltmeter, the 
temperature can be very accurately determined from the thermo- 
electric force registered. The mechanical properties and micro- 
structures were also investigated. The case-hardening steels were 
examined in four conditions of heat treatment, but the heat- 
treatable steels were tested only in the soft annealed state. It 
appeared that the chromium-molybdenum steels in general were 
at least equal, if not superior, to the chromium-nickel steels (in 
place of which they are used) in regard to machinability in the rough- 
turning process. 

Grinding Metal Wires. M. Bonzel. (Métaux et Corrosion, 
1938, vol. 13, Apr., pp. 72-76). The author discusses the influence 
of the imperfect surface condition of wire (consequent upon the 
condition of the original metal in ingot form and upon the cycle 
of operations involved in converting it to wire) upon its mechanical 
properties. The merits of centreless grinding for removing surface 
faults from similar sections such as wire and rod are considered and 
the construction and operation of the centreless grinder are described 
together with its application to precision grinding. The effects of 
grinding on the fatigue limit and the corrosion resistance of metals are 
also referred to. 

Broaching. E. Stehle. (Zeitschrift des Vereines deutscher 
Ingenieure, 1938, vol. 82, Apr. 2, pp. 407-414). The author dis- 
cusses the applications of the broaching operation in the fabrication 
of machine components, considers the form of broaches and notes 
inter alia the relationship between the form of the cutting tooth 
and the nature of the material upon which the broach is to be used ; 
the different type of cutting edge required for cast iron is dis- 
tinguished from that necessary for steel. Broaching machines 
and the economics of the process are also dealt with. 











he) bed osm Rh Drs ct est 


sw 
= 





( Wx 5 


CLEANING AND PICKLING OF METALS 


(Continued from p. 26 a) 


Pumping Water for Descaling Spray. H. M. Graham. (Blast 
Furnace and Steel Plant, 1938, vol. 26, May, pp. 505-506, 521). 
A brief description is given of the pumping plant and water supply 
system for descaling at the rolling mills of the Youngstown Sheet 
and Tube Co., Youngstown, Ohio. 

A Modern Method of Pickling Steel. H. B. Footner. (Iron 
and Steel Institute, Fifth Report of the Corrosion Committee, 
1938, Special Report No. 21, pp. 369-379). In order to prevent the 
corrosion of storage tanks and to lessen the amount of repainting, 
it is necessary that mill scale should be removed from the plates. 
The most effective and economical means of descaling is shown to be 
by pickling the plate in sulphuric acid, followed by washing in warm 
water and immersing in a dilute phosphoric acid solution. This 
treatment is followed immediately by shop painting with a good 
priming paint containing red lead. The pickling process is con- 
siderably cheaper than sand-blasting and is applicable to the steel used 
for tanks, gasholders, ships, &c. Pickling and shop painting should 
be the last operation on the plate before despatch to site and erection. 

Phosphoric Acid as a Protective Agent against Corrosion. A. 
Foulon. (Montanistische Rundschau, 1938, vol. 30, Stahlbau- 
Technik, July, pp. 4-5). The author discusses briefly the reactions 
taking place when phosphoric acid solution is brought in contact 
with iron and its oxides, the disadvantages (embrittlement, &c.) 
of pickling iron and steel in sulphuric or hydrochloric acids and the 
benefits of the use of phosphoric acid for this purpose. The latter 
acid attacks the iron less, so minimising the hydrogen evolution 
and consequent pickling-brittleness, and the phosphates produced, 
which are insoluble, adhere firmly to the metal and provide a basis 
for the application of paint. 

Influence of Electrolytic Pickling on the Stamping of Sheet Steel. 
(Métaux et Corrosion, 1938, vol. 13, Apr., pp. 78-79). An abridged 
translation into French of an article by Baukloh and Gehlen which 
appeared originally in Archiv fiir das Eisenhiittenwesen, 1937, 
vol. 11, Nov., pp. 253-258. (See Journ. I. and §.I., 1938, No. L., 
p. 61 A.) 

Some Scientific Aspects of the Pickling Problem. E. Herzog. 
(Wire and Wire Products, 1938, vol. 13, Apr., pp. 177-180, 206). 
A translation of an article by E. Hertzog which appeared originally 
in Métaux et Corrosion, 1937, vol. 12, Mar., pp. 52-58. (See 
Journ. I. and §.1., 1937, No. II., p. 144 a). 

Monel Metal Solves the Problem of Economic Pickling Crates. 
N. C. Marples. (Sheet Metal Industries, 1938, vol. 12, Apr., pp. 
456-457). The author notes the advantages of Monel metal as 
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opposed to wood or acid-resisting bronzes for pickling-crate con- 
struction and then describes a few typical types of crates, referring 
particularly to their service life in comparison with that of other 
materials. 

Utilisation and Regeneration of Iron Sulphate from Waste 
Pickling Fluid. F. Sierp. (Stahl und Eisen, 1938, vol. 58, May 5, 
pp. 491-497). The author discusses the output of iron sulphate 
from pickling plants and considers various direct and indirect uses 
for this material. The thermal treatment of iron sulphate for the 
production of sulphuric acid and ferric oxide in various forms is 
described, and the investigations carried out on the roasting of 
a mixture of the sulphate and pyrites are considered at length. 
Methods developed by the Chemical Construction Co. of New York 
and by the I.G. Farbenindustrie A.-G. are also dealt with; both 
are chemical methods involving the destructive thermal treatment 
of the iron sulphate. Under the heading of purely chemical re- 
generative processes the author presents mainly a review of various 
American and German patents which describe methods based on the 
precipitation of the iron in an oxidised form, the sulphuric acid 
being recovered as sodium or ammonium sulphate. In Bochmann’s 
process the solution is treated with lime or lime-bearing materials ; 
a long account is presented by the author of the utilisation of the 
mixed precipitate resulting from this process. In the process of 
Jung and Hilgenstock the waste pickling fluid is treated directly 
with crude coke-oven gas, the iron being recovered as iron sulphide 
for which no use has yet been found. The Ruhrverband (Essen) 
has investigated the possibilities of converting the iron sulphate to 
ammonium sulphate; the water content of the iron sulphate is 
critical in this process and should correspond to about 26-30% by 
weight of the iron sulphate present, when a readily-washable iron 
hydroxide and crystallisable ammonium sulphate may be obtained 
on gassing the solution with a mixture of ammonia and air. Flow 
sheets are given to illustrate the last three processes described. 

The Present State of the Working-Up of Waste Pickling Baths. 
F. Heinrich. (Stahl und Eisen, 1938, vol. 58, June 9, pp. 617-623). 
The author discusses the solubility of iron sulphate in water in the 
presence of sulphuric acid and its separation in the form of crystals, 
compares various methods of pickling and treatment of the pickling 
liquid, discusses the influence of the vitriol content on the rate of 
pickling, deals with the choice of continuous or intermittent working- 
up of spent liquor, explains the effect of diluting the liquor by the 
direct introduction of steam and means of increasing its concentra- 
tion, and describes the removal of slimes from pickling tanks. 
In conclusion, he refers to the economics of the working-up of spent 
liquor by turning the vitriol to account. 
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Magnetic Method for Measuring the Thickness of Non-Magnetic 
Coatings on Iron and Steel. A. Brenner. (Journal of Research of 
the National Bureau of Standards, 1938, vol. 29, Mar., pp. 357-— 
368). Anon-destructive magnetic method is described for measuring 
the thickness of non-magnetic coatings on steel. The operation of 
the instrument used depends on the decrease in the attraction of a 
permanent magnet for steel when the two are separated by a non- 
magnetic coating. Measurements on commercial coatings of 
accurately predetermined thickness yielded results which were 
accurate to +10% for most coatings. Results were about 25% 
too low for hot-dipped tin coatings which were only about 0-0001 
in. in thickness. By the use of a suitable calibration curve, the 
thickness of nickel coatings on steel may be determined. 

What Methods do you use for Measurement of the Thickness of 
Tin Coating on Tinplate? W.E. Hoare. (Sheet Metal Industries, 
1938, vol. 12, Apr., pp. 421-423). The author notes the importance 
of the thickness of the tin coating on tinplate and describes tests of 
three types which may be used for the purpose : Methods involving 
dissolution of the whole of the coating tin from a known area and 
its estimation by volumetric titration; gravimetric methods in- 
volving weighing the specimen before and after selective dissolution 
of the coating; direct methods which rely on the measurement of 
some property of the bimetal which is suitably related to the thick- 
ness of the coating and sensibly unaffected by other variants. 
Among the methods described are the iodine-titration method 
recommended by the American Society for Testing Materials, the 
gravimetric method of Clarke, and the magnetic and electromagnetic 
methods of Hoare and Chalmers and of Tait respectively. Sampling, 
methods of treating sampled specimens and time-saving modifications 
in procedure are also discussed. The author concludes with an 
account of the electromagnetic method. 

Hard Chromium Plating. A. Posern and M. Schmidt. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1938, vol. 82, Apr. 23, 
pp. 489-494). The authors note the saving to be effected by the 
electrodeposition of hard chromium on to the wearing surfaces of 
tools and machinery, and the fact that the chromium-bearing electro- 
lyte can be prepared from chromic acid produced as a by-product from 
German ores. The preparation of the work for plating, and methods 
of plating suggested for specific tools of various types and for 
machine components are discussed in great detail. 

Chromium Plating with Special Reference to Black Chromium 
Plating. K. Arndt and H. Endrass. (Zeitschrift fiir Metallkunde, 
1938, vol. 30, Jan., pp. 21-24). The optimum composition of the 
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electrolyte for obtaining black deposits of chromium is as follows : 
Chromic acid, 250-400 g. per litre ; acetic acid (as glacial acetic acid), 
5 c.c. per litre. The bath should be operated at a temperature 
not above 25° C., and at a current density of 80-100 amp. per sq. dm. 
The deposit consists of 75° chromium metal and 25% chromic oxide. 
So far as cathodic reduction is concerned, acetic-acid-bearing chromic 
acid electrolytes lie between pure chromic acid electrolytes and those 
containing sulphate additions. 

Mechanisation in the Electro-Plating Industry. E. G. West. 
(Machinery, London, 1938, vol. 52, May 12, pp. 153-159). The 
author reviews critically the requirements of mechanised and auto- 
matic equipment for electroplating and notes the costs and certain 
disadvantages of plant designed on these bases for mass production 
purposes. The general principles of design for such plants are 
considered, details of design being then discussed at length. 

Automatic Bright Nickel and Chromium Plating. J. Kronsbein. 
(Electrodepositors’ Technical Society : Metal Industry, 1938, vol. 
52, May 13, pp. 509-511). The author gives details of the con- 
struction and working of automatic bright nickel- and chromium- 
plating plant for treating, among other components, steel radiator 
grilles. 

Steel Clad with Nickel and Nickel Alloys for Chemical Equipment. 
K. Atsuki. (Japan Nickel Review, 1938, vol. 6, Apr., pp. 247- 
261). The author describes the development and manufacture of 
nickel-clad steel, its properties, fabrication and applications. 
Reference is made to the use of a paste pickle to remove oxide 
which forms on the nickel surface during annealing and hot-working ; 
it contains additions of fuller’s earth and lampblack to hydro- 
chloric acid which itself contains small amounts of nitric acid and 
cupric chloride. 

Aluminium as a Surface Protection for Steel. H. Hoff. (Stahl 
und Eisen, 1938, vol. 58, May 26, pp. 565-568). For many purposes 
aluminium can be used as a substitute for tin, zinc or lead as a 
surface protection for steel. The author reviews the methods of 
applying the aluminium coating (spraying, rolling-on, hot-dipping, 
calorising); so far, best results have been obtained by rolling-on 
or by hot-dipping. Aluminium, when rolled-on to steel, combines 
readily with the basis metal at a temperature as low as 500° C. with 
the formation of brittle FeAl,, but by adding a small quantity of 
silicon to the aluminium and by raising the nitrogen and oxygen 
contents of the steel this can be avoided. 

American Hot-Dip Galvanising Practice. W.G. Imhoff. (Blast 
Furnace and Steel Plant,*1938, vol. 26, Apr., pp. 380-385, 428-429 ; 
May, pp. 484-489, 526; June, pp. 607-610, 630-631, 636-638). 
Continuing this paper (see p. 29 a) the author discusses in Part ITT. 
the design and construction of hot-dip galvanising furnaces. When 
the important requirements of the furnace are analysed, they 
fall into four definite fields of engineering, which are: Galvanising, 
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combustion, chemical and mechanical. After examining these 
requirements, the applications of a number of gas-fired, oil-fired 
and electrically heated furnaces are discussed. An entirely new 
design of hot-dip galvanising furnace fired by coal or coke is still 
mu the development stage, the tests on which indicate remarkable 
improvement over the older designs of furnace using these two fuels. 
Part IV. contains a detailed description with numerous photographs 
of the hot-dip galvanising process, with a discussion of the various 
types of coatings which have been developed to meet different 
industrial applications. The present time seems to be the end of a 
definite era in sheet galvanising, as the wide strip has now become a 
reality, and it will not be long before “‘ continuous sheet galvanising ” 
will replace the galvanising of individual sheets. Part V. of this 
series deals exclusively with the galvanising of tubes and the author 
discusses this under four headings: (1) Wrought iron tubes. (2) 
Steeltubes. (3) Electrical conduit. (4) Couplings. The information 
given includes production figures, fuel consumption, size and life of 
pots, bath temperatures, &c., obtained from the experience of 
American works. 

Protecting Metal Surfaces with Modern Lacquers and Enamels. 
S. Klinkenstein. (Metals and Alloys, 1938, vol. 9, Apr., pp. 95- 
99). It is noted that whilst the lacquers and enamels used for 
finishing non-ferrous metals described by the author in the earlier 
part of this article are also widely used for finishing iron and steel 
products, they must be applied over a suitable foundation in order 
to avoid destruction of the coating by corrosion of the surface of 
the basis metal. For sheet steel the most durable foundation 
consists of a coat of synthetic primer baked on rust-proofed metal. 
For iron castings special air-drying primers have been developed as 
undercoats for lacquer finishes. Where the nature of the component 
is such that it cannot be conveniently rust-proofed (structural steel 
work, for example), special anti-corrosive finishes are recommended. 

Vitreous Enamelling Practice. S. Hallsworth. (Swansea Tech- 
nical College Metallurgical Society, Feb. 26, 1938). After a brief 
history of the technique of vitreous enamelling, the author passes on 
to a consideration of the composition of enamel, the process of and 
equipment for manufacturing frit, milling practice, the physical and 
chemical nature of enamel slurry, the cleaning of sheet steel and 
cast iron prior to enamelling, application of the slurry to the metallic 
surface, drying and fusing (with particular reference to furnace 
design and operation), and defects in enamelled ware. 

A Consideration of Copperheads. L. K. Sosey. (Bulletin of the 
American Ceramic Society, 1938, vol. 17, Apr., pp. 159-163). 
Copperheads are an ever-present factor existing in the ground- 
coat enamelling process which do not appear as a defect until they 
become too pronounced owing to over-oxidation of the steel base. 
By the use of various types of pickle, steels, ground coats, furnace 
atmospheres, and by spacing the ware in the furnace, conditions were 
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produced offering various degrees of prevention of copperheading. 
The relative importance of each of these factors was studied and a 
method of controlling resistance to copperheading is indicated. 

Copperheading. H. C. Beasley. (Bulletin of the American 
Ceramic Society, 1938, vol. 17, Apr., pp. 163-166). Copperheading 
is caused by the water in milled enamel being insufficiently alkaline. 
Furnace atmospheres may aggravate oxidation and so increase the 
tendency to copperheading. The rate of heating during the primary 
boil is the chief factor influencing copperheading. 

A Discussion on Copperheading of Sheet-Steel Ground Coats. 
T. D. Hartshorn. (Bulletin of the American Ceramic Society, 
1938, vol. 17, Apr., pp. 166-168). Various causes of copperheading 
are detailed by the author. To control the phenomenon it is 
suggested that blistering conditions be avoided, that ground-coat 
compositions possessing a high iron solubility be used, and that the 
ground coat in the fused state should possess a low viscosity and 
ability to form a seal quickly. The maintenance of proper firing 
conditions, and the use of a thin deposit of nickel over steel to inhibit 
excessive oxidation are also suggested as factors of importance. 

Modern Opacifiers for Finishing Enamels. H. Kohl. (Zeitschrift 
des Vereines deutscher Ingenieure, 1938, vol. 82, May 7, pp. 546- 
548). The author discusses the use of antimoniates, and zirconium 
and cerium oxides for opacifying finishing coats of vitreous enamel. 
Gas opacification is also referred to; it consists either in adding to 
the enamel organic and inorganic materials which burn or volatilise 
at 400-800° C., or in the use of enamels of a colloidal nature which 
entrap the fine gas bubbles that are formed during fusing. Both 
cerium oxide (a by-product resulting from the working-up of monazite 
sand in Germany) and gas opacifiers are said advantageously to 
replace tin oxide on technical as well as economic grounds. 

Enamel Chipping : The Relationship of Ground-Coat Adherence 
to the Thickness and Yield Value of Sheet Steel. G. Sirovy and 
E. P. Czolgos. (Bulletin of the American Ceramic Society, 1938, 
vol. 17, Apr., pp. 168-170). Samples of sheet steel, in gauges 14, 16, 
18, 20, 22 and 24, with an applied ground coat of vitreous enamel 
were tested in an Olsen tensile testing machine. It was noted 
that ground-coat chipping occurred immediately the specimen was 
stretched beyond the elastic limit. 

The Replacement of Protective Metallic Coatings on Steel. F. 
Kisenstecker and W. Pingel. (Stahl und Eisen, 1938, vol. 58, 
Apr. 28, pp. 455-458). The authors discuss the replacement of 
protective coatings of zinc, tin and lead on steel by synthetic resins 
and coatings of oil- or tar-base paints. For some purposes the 
problems entailed have already been solved, as, for instance, in the 
case of pipes for cold water, sheets exposed to atmospheric in- 
fluence, cans for dry goods and fuel tanks. Hot-water pipes, 
sheet for water-heating equipment, wire, cans for wet goods and 
milk churns present problems which are still not entirely solved. 
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Some Fundamental Observations on the Stress-Strain Diagram 
for Mild Steel. G. Welter and 8S. Goékowski. (Wiadomosci 
Instytutu Metalurgii i Metaloznawstwa, 1938, vol. 5, No. 1, pp. 
17-28: Metallwirtschaft, 1938, vol. 17, May 27, pp. 571-578). 
As a supplement to work done on the shape of the stress-strain 
diagram of mild steel in the neighbourhood of the yield point, the 
influence of the “ give ” or springiness of the tensile testing machine 
on the decrease of stress in the diagram produced by the machine 
was investigated by the insertion of a machine part which could be 
adjusted in the longitudinal direction. Comparative stress-strain 
diagrams for mild steel were also obtained with six different types of 
machine. The positions of the yield point with much or little 
“ give’ in the machine were compared. The dependence of the 
upper yield point on an eccentric loading of the specimen was 
examined. A gentle and regular increase of the stress in a machine 
with little “ give ’”’ produced a diagram in which a steep fall of the 
load curve could be clearly seen and which corresponded to the 
usual diagram with an upper and a lower yield point. On the other 
hand, a machine with more “ give ” (a hydraulic-pneumatic machine) 
produced a diagram with no fall in the load curve. In an in- 
vestigation of the transmission ratio between the distance moved 
by the grip and the indication of the dynamometer of various 
machines, it was found that the stress-strain curve for mild steel 
near the yield point is essentially dependent on the “ give” of the 
machine. It is shown that with a “ springy’ machine the flow 
of mild steel sets in near the so-called lower yield point and con- 
tinues without reaching the upper yield point and without the 
appearance of the usual decrease of load; this is at variance with 
the views of other research workers in this field. Concerning 
eccentric loading, small amounts of eccentricity were without in- 
fluence on the stress-strain diagram at the yield point; only with 
2 mm. of eccentricity on specimens 6 and 8 mm. in dia. did the upper 
yield point disappear ; eccentric loading is not the cause of the dis- 
appearance of the upper yield point when using a “springy ” 
machine, however. A hydraulic-pneumatic machine capable of 
applying loads of 1000, 1500 and 2000 kg. in steps of 300-400 kg. 
is described, and results obtained with it are recorded. With the 
hydraulic-pneumatic device in operation no upper and lower yield 
points were observed, but when the device was locked with a wedge 
normal diagrams with marked upper and lower yield points were 
obtained. 
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Stress-Strain Relations under Tension Impact Loading. D. S. 
Clark and G. Ditwyler. (American Society for Testing Materials, 
June—July, 1938, Preprint No. 31). The paper discusses a method of 
determining force-elongation diagrams for metals under tension 
impact loads. A new type of tension dynamometer is described, 
and results of tests on a few steels and non-ferrous metals and alloys 
at a velocity of about 11 ft. per sec. are given. The results indicate 
that for most of the materials tested the yield forces under dynamic 
conditions are higher than those under static conditions, and that, 
in general, the maximum dynamic forces are greater than the maxi- 
mum static forces. It has been shown that in some cases energies 
under dynamic loading are greater than those given by the stress- 
strain curve as modified by Mann. Experimental evidence is given 
to show the reliability of the method developed. 

The Yield Point in the Tensile Test, with Special Consideration 
of the Influence of the Method of Stressing and Elastic Reaction in 
the Testing Machine. A. Kritsch. (Zeitschrift des Vereines 
deutscher Ingenieure, 1938, vol. 82, June 11, pp. 728-730). The 
author shows that the interpretation by Welter of the results of 
investigations on the so-called upper and lower yield points of 
mild steel is erroneous, and that phenomena ascribed by him to 
elastic reaction in the testing machine are, in fact, conditioned by 
the material itself. The causes of the phenomena considered by 
Welter are attributed by the author to secondary bending stresses 
imposed on the test-piece by reason of unsuitably designed “‘ grips.” 

Notch Effect -under Static Stress. (Metal Treatment, 1938, 
vol. 4, Spring issue, pp. 15-23). A translation into English of an 
article by K. Matthaes which appeared originally in Luftfahrt- 
forschung, vol. 15, part 1-2. The author presents the results of an 
investigation of the influence of notches on static strength. The 
research dealt first with the effect of notches and drilled holes on 
the strength of various metals in tension and bending, then with 
the effect of combined tension and bending on notched specimens. 
In conclusion the effects of single holes and rows of holes on the 
strength of thin sheet are dealt with, together with the strength 
of riveted joints. 

Effect of Size and Type of Specimen on the Torsional Properties 
of Cast Iron. J. O. Draffin and W. L. Collins. (American Society 
for Testing Materials, June-July, 1938, Preprint No. 43). Tests 
were made on 48 machined specimens, 24 from each of two heats 
of cast iron, the material being a part of the bars from which the 
tension specimens reported on last year (‘‘The Tensile Strength of 
Cast Iron,” J. O. Draffin and W. L. Collins. Proceedings of the 
American Society for Testing Materials, 1937, vol. 37, Part 2, p. 88) 
were taken. The specimens were (1) solid, ? in. and 1 in. in diameter, 
and (2) hollow, 1 in. in outside diameter with wall thicknesses of 

in. and 3} in. Strain measurements were made on all specimens. 
The torsional properties of the iron were found to be practically 
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the same for both diameters of the solid specimens. For the hollow 
specimens the maximum unit strain and the modulus of rupture 
were found to decrease as the wall thickness decreased. The 
modulus of rupture obtained with a wall thickness of } in., or a 
ratio of wall thickness to outside radius, ¢t/r, of 0-243, was approxi- 
mately equal to the tensile strength of the cast iron when tested in 
direct tension. 

The Theory of Impact Testing: Influence of Temperature, 
Velocity of Deformation, and Form and Size of Specimen on Work 
of Deformation. D.J. McAdam, jun.,and R.W. Clyne. (American 
Society for Testing Materials, June-July, 1938, Preprint No. 30). 
An impact test should not be viewed as a simulation of shock in 
service, and should not be limited to metals that are to be subjected 
to impact in service. The object of an impact test should be to 
determine whether a structure or machine would be in danger of 
failure from brittleness under service conditions. 

In most structures and machines, there are one or more regions 
of relatively high concentration of three-dimensional tensile stress. 
In these regions, during application or change of load, the specific 
velocity of deformation is relatively high. If, as a result of this 
increased velocity of deformation, the resistance to flow becomes 
relatively higher than the resistance to cohesive failure, the 
fracture will be’ brittle rather than ductile in character, and the 
amount of energy required to produce failure will greatly decrease. 
Similarly, a decrease in temperature results in an increase in the 
resistance to flow in relation to the resistance to cohesive failure 
and so causes danger of this same granular fracture (the so-called 
cold brittleness) rather than fibrous fracture, the energy required 
to produce fracture decreasing very rapidly (in most steels) on 
passing a certain temperature, which is dependent upon the com- 
position and heat treatment of the metal, the shape and size of the 
piece, and the speed of loading. 

Anything which tends to raise this critical temperature increases 
the danger of cold brittle failure, and vice versa. Thus, the greater 
the size of the structure, the greater is the tendency to cold brittle- 
ness, and the less is the specific work of deformation of cold- 
brittle steel. The authors also discuss the problem of impact 
failure as affected by these different variables. 

Practical Application of the Notched-Bar Impact Test. G. C. 
Riegel and F. F. Vaughn. (American Society for Testing Materials, 
June—July, 1938, Preprint No. 35). In the authors’ experience, the 
utility: of the notched-bar impact test lies in its ability to detect 
and evaluate the effects of many factors upon which the quality 
and reliability of steel and iron products depend, namely: (1) 
Relative metal quality apart from that associated with dynamic 
loads; (2) the reliability of the quality of heat treatment; (3) 
the relative sensitivity to cleavage under conditions of suddenly 
applied stresses, or frequent overloading by gradually applied 
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stresses. Certain figures and data are submitted in verification of 
these premises. 

The Use of the Charpy Test as a Method of Evaluating Toughness 
Adjacent to Welds. W. H. Bruckner. (American Society for 
Testing Materials, June-July, 1938, Preprint No. 36). A series 
of steels of various chemical compositions were welded with a single 
welding bead placed on the surface of } in. thick flat plates of the 
steels. The heat-disturbed area adjacent to the weld deposit 
was surveyed for hardness, grain size, and microstructure. The 
area of microscopic extent where maximum hardness and grain 
size occurred adjacent to the single-bead weld was physically 
magnified by synthesising the microstructure by means of a “‘ weld- 
quench ” heat treatment. The latter treatment produces in a half- 
size Charpy bar practically the same maximum hardness, grain 
size, and microstructure as are found adjacent to the single-bead 
welds. 

Keyhole-notched-bar Charpy impact tests on the bars of “ weld- 
quenched ” material were compared with impact tests made on 
the parent steels in the as-received condition. The comparison 
indicates that when the composition of steels for welding is suitably 
chosen, there is little or no loss in toughness adjacent to the weld. 
For such steels the rate of transformation of the austenite is suffi- 
ciently rapid to form high-temperature products. Where steels 
were encountered which were sensitive to the weld-quench, a 
low value of toughness was obtained, coupled with a delayed or 
low rate of transformation of austenite. 

Preheating tests made on a series of the steels sensitive to the 
weld-quench indicated that in general the transformation of 
austenite can be shifted to higher temperatures by preheating, 
with the result that soft high-temperature products are obtained in 
the microstructure. The determination of toughness of the heat- 
disturbed area in such preheated welding tests is suggested as a 
valuable contribution to our knowledge of welding of the “ tricky ” 
steels. 

The weld-quench test is successful in separating welds into 
two categories: (1) Steels insensitive to the weld-quench and 
therefore easily welded without preheat or other special handling, 
and (2) steels sensitive to the weld-quench such that special care, 
preheat or preheat and subsequent heat treatment are required for 
successful welding. 

The test is therefore recommended as a low-cost method for use 
in the development of additional steels of easy weldability, for check- 
ing heats of steel for weldability before rolling to welding plate 
size, or for matching heats of steel already in successful welding 
use in the consumers’ plants. The purchaser of steels for welding 
has with the weld-quench test a rational basis for specifying 
his requirements in lieu of the previously used addition to the 
specification ‘‘ and the steel shall be of weldable quality.” 
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The Behaviour of Materials under Conditions of Hindered De- 
formation. M. Pfender. (Archiv fiir das Eisenhiittenwesen, 1938, 
vol. 11, June, pp. 595-606). The type, application and mode of 
production of structural parts frequently introduce sharp changes 
of section, notches and self-stresses, and these can so alter the 
magnitude and direction of the stresses that they no longer coincide 
with the originally assumed stress distribution. To investigate 
this problem the author carried out static and dynamic notched 
tensile tests on a number of rolled and cast types of steels, welded 
joints, and non-ferrous metals, previously treated (thermally and 
mechanically) in various ways. Round, V and compressed V 
notches were used in order to vary the extent to which the deforma- 
tion was hindered. The static elongation values and those for the 
work done in the dynamic tests with various notch forms and for 
different temperatures were found to be correlated to one another. 
The toughness of unrolled or forged structures in the cast steels 
and welds was very sensitive to hindered deformation and to re- 
ductions of temperature. The reductions of area in the static 
and dynamic tensile tests for different dimensions of specimen 
agreed very well. Toughness is regarded not as a characteristic 
of the material but as the total effect of the properties of the metal 
and of the mode of stressing. The toughness of a material is indicated 
by the relation of the resistance to deformation to the resistance to 
fracture, which, for tough materials, can be deduced from the 
stress-strain diagram. The influence of the yield point on the 
toughness of steel is discussed. The danger of brittle fracture 
increases in proportion as additional stresses depreciate the flow 
conditions and as the resistance to deformation is raised by impactive 
overloads. 

Strain Measurement in Processes Involving Fatigue Fracture. 
R. Glocker and G. Kemmnitz. (Zeitschrift fiir Metallkunde, 
1938, vol. 30, Jan., pp. 1-3). The method of determining elastic 
strain by means of X-rays has been further developed to include 
dynamic strain measurement. The principles and construction 
of the apparatus used in the authors’ experiments are described. 
In the case of a carbon-steel shaft drilled radially, the peak strain 
at the rim of the drilled hole was determined continuously whilst 
the shaft was being subjected to fluctuating stresses; the strain 
remained at the maximum level until a visible fissure appeared 
in the shaft. With loads below the fatigue limit no decrease in 
stress occurs; the peak stress is taken up entirely elastically. 

The Atomic Bases of Crystal Plasticity. A. Kochendorfer. 
(Zeitschrift fiir Metallkunde, 1938, vol. 30, May, pp. 174-178). 
The author presents a mathematical study of the plastic deformation 
of crystals. Formule are derived to express the temperature and 
velocity characteristics of the critical shear strain and of work- 
hardening for metals and for naphthalene; the data obtained by 
applying these formule agree well with those obtained experimentally. 


1938—ii M 











162 a PROPERTIES AND TESTS. 


On the Determination of a Characteristic Value Approximating 
to the Fatigue Strength by Means of the Bending-Tensile Test. 
E. Mohr. (Zeitschrift fiir Metallkunde, 1938, vol. 30, Jan., pp. 
30-35). The development of the bending-tensile test is described 
and it is shown that under controlled conditions the value obtained 
by means of this test is identical with the alternating-bend strength 
of the material in question. The results of experiments on a 
number of light- and heavy-metal strip and sheet specimens are 
discussed. A machine is suggested for carrying out bending- 
tensile tests on wires and ropes and the results of tests on a number 
of types of wire are discussed. 

Testing Materials by the Bending-Tensile Test. E. Mohr. 
(Metallwirtschaft, 1938, vol. 17, May 20, pp. 535-537). The author 
discusses the bending-tensile strength of a material and shows that 
it approximates closely to the fatigue strength of the specimen. 
The use of the test for determining the true yield point of materials 
is then discussed and its application as a method of control in the 
production of clad or welded sheets is dealt with. Finally the 
relationship between recrystallisation and the number of backward 
and forward bends sustained by a material is discussed. 

A Portable Hardness Tester. (Iron and Steel Industry, 1938, 
vol. 11, May, p. 333). A small portable instrument for the deter- 
mination of the Brinell hardness of metals without transporting speci- 
mens to the works laboratory is described and illustrated. The 
“ Telebrineller ’’ has four components : The instrument, a steel bar 
of known Brinell hardness, a special microscopic gauge, and a slide 
rule. To make a test, the bar of known Brinell hardness number 
is inserted in the tube of the instrument which is placed over the 
spot to be tested. A sharp blow is struck upon the anvil with any 
hammer of from 3 to 5 lb. The force of this blow is transmitted 
by the anvil directly to the bar of known hardness, through this 
and the impression ball to the surface being tested, thus making 
a perfectly round impression on the face of the metal under test. 
The relationship between the diameters of the impressions on the 
bar of known hardness and on the metal being tested gives a means 
of determining the hardness of the latter. The microscopic gauge 
and slide rule enable this relationship to be evaluated very rapidly 
as a Brinell hardness number. The agents for this American 
instrument are Engineering and Metals, Ltd., Thames House, 
Millbank, London, 8.W.1. 

Note on the Hardness Measurements on Very Hard Steels and 
White Cast Irons. J. S. Vanick and J. T. Eash. (American 
Society for Testing Materials, June-July, 1938, Preprint No. 44). 
In the use of hardness specifications for the manufacture and 
purchase of very hard cast irons and steels, difficulties have been 
encountered in expecting consistent relationships between the several 
forms of hardness testing employed. In some cases the correlation 
between hardness values obtained upon hardened steels has been 
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used indiscriminately for the very hard cast irons. The resulting 
difficulties led to an exploration of the hardness values obtained 
with very hard test blocks of chilled alloy cast irons and with 
correspondingly hard steels, all tested in accordance with the 
standard procedures for hardness testing. Brinell, scleroscope, 
Rockwell, and Vickers tests were made. A result typical of the 
work shows that the actual Brinell values upon the chilled alloyed 
cast irons are 40 units harder than those obtained upon steels of 
the same scleroscope harness. This difference is reduced somewhat 
in a comparison of the Brinell with the other indentation hardness 
tests, such as the Rockwell and Vickers. Reference is made to the 
further distortion in scleroscope hardness values when the German 
and American instruments are compared in the range of high 
hardness values. The results assist in accounting for the advantage 
in performance which the hardened cast irons have shown in certain 
applications. The discord in relationships emphasises the im- 
portance of specifying a type of test which possesses a narrower 
dispersion from the average in individual tests, such as the Brinell, 
or specifying a sufficient number of individual tests with other 
methods, with a tolerance on either side of the average sufficient 
to encompass the expected spread in values. 

Determination of the Hardness of Rails using a 19-mm. Ball. 
T. Lyashchenko and A. Klaus. (Stal, 1937, No. 8, pp. 55-60). (In 
Russian). Some theoretical considerations and a large mass of 
experimental results, given in graphical form, show that a hardness 
determination using a 19-mm. a ball and load of 4,500 kg. gives 
a more reliable calculated value of the tensile strength than that 
deduced from the hardness measured with a 10-mm. ball and a 
load of 3,000 kg. Neither of the two calculated values for the tensile 
strength can, however, be regarded as a substitute for the result of 
a direct determination. 

Hardness Measurements on Wire Test-Pieces. C. H. Johansson 
and G. Weibull. (Zeitschrift fiir Metallkunde, 1937, vol. 29, Dec., 
pp. 418-420). To determine the hardness of wire specimens, an 
indentation method is suggested, a hardened steel cylinder being 
pressed on to the specimen, the long axes of the cylinder and 
specimen being at right angles. The width of the elliptical projection 
of the indentation is measured in a direction parallel and at right 
angles to the long axis of the wire, the values being expressed as 
functions of the indenting pressure. Formule for the construction 
of diagrams expressing the hardness of specimens tested in this 
way are derived. The method is suggested as being of value in 
the study of ageing processes; the specimen required is small and 
of a form suitable for other tests also. Experimental results refer 
specifically to non-ferrous metals. 

Crystal Structure and the Ferromagnetism of Alloys. U. 
Dehlinger. (Zeitschrift fiir Metallkunde, 1937, vol. 29, Nov., 
pp. 38-8395). The author discusses the relationship between the 
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lattice structure of the crystals of a number of binary and ternary 
alloys and the ferromagnetic characteristics of the alloys. Among 
the alloys discussed or referred to are those of iron with vanadium, 
chromium, aluminium, platinum, nickel, and with aluminium and 
nickel together. In a tabular summary of laws governing the 
ferromagnetic properties of alloys, the author states that ferro- 
magnetism is only to be expected in alloys containing chromium, 
manganese, iron, cobalt, or nickel. 

The Metallurgical Application of Ferromagnetic Measurements. 
W. Gerlach. (Zeitschrift fiir Metallkunde, 1938, vol. 30, Mar., 
pp. 77-81). The peculiar temperature relationships of ferromagnetic 
characteristics—the saturation value and coercive force in particular 
—make it necessary that, in the application of such characteristics 
to purely metallurgical purposes, they must be determined from 
the lowest possible temperature up to the Curie point. Only in 
this way can reliable and full results be obtained by their use. 
Reference is made to magnetic investigations of precipitation- 
hardening phenomena. 

The Magnetic Behaviour of the Age-Hardening Ferritic Iron- 
Nickel-Copper Alloys. W. Danndéhl. (Zeitschrift fiir Metallkunde, 
1938, vol. 30, Mar., pp. 95-99). The magnetic hardening of the 
binary irreversible iron-nickel alloys is not the result of the trans- 
formation of residual austenite to martensite during annealing, but 
rather the re-formation of austenite during the annealing process. 
In the case of the irreversible ternary nickel-iron-copper alloys 
annealing gives rise simultaneously to the re-formation of austenite 
and to the precipitation of copper. The sharp rise in the coercive 
force is conditioned by both processes occurring together. The 
maximum magnetic properties obtained by heat-treating the 
ferritic iron-nickel-copper casting alloys were found to exceed those 
given by H. Legat. By cooling the alloys to low temperatures the 
austenite produced by annealing is converted again into the « 
solid solution ; this transformation is accompanied by a pronounced 
decrease in coercive force, whilst the magnetic saturation and 
remanence increase. The separation into two phases, each with a 
different nickel content, of the irreversible iron-nickel alloys 
consequent upon annealing in the «> y transformation range is 
rendered more marked in the ternary iron-nickel-copper alloys 
by the separation of copper. 

A Survey of Magnetic Testing. (Metal Treatment, 1938, vol. 4, 
Spring issue, pp. 31-34). An abridged translation into English 
of an article by W. Schirp which appeared originally in Stahl und 
Eisen, 1938, vol. 58, Mar. 3, pp. 235-240. (See Journ. I. and S.I., 
1938, No. I., p. 351 A). 

The Thermal Conductivity of Commercially Pure Iron and Various 
Steels. H. Esser, W. Eilender, and E. Piitz. (Archiv fiir das 
Eisenhiittenwesen, 1938, vol. 11, June, pp. 619-622). An apparatus 
is described in which the thermal conductivity for every desired 
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temperature between the highest attainable in the appliance and 
room temperature can be determined in a single experiment. First 
the cooling curve of the uniformly heated test wire is taken and 
then the temperature gradient in the same wire when heated locally 
is determined ; in addition data for the true specific heat and the 
specific gravity are required. Tests made on commercially pure 
iron and on various high-carbon and also manganese, chromium 
and nickel steels showed that the thermal conductivity is highest in 
pure iron, that it decreases very rapidly with even traces of im- 
purities, and that it is least in austenitic and high-chromium steels ; 
with the latter, an increase of temperature causes the thermal 
conductivity to rise. 

Actual Grain-Size Related to Creep Strength of Steels at Elevated 
Temperatures. S. H. Weaver. (American Society for Testing 
Materials, June-July, 1938, Preprint No. 42). A statistical analysis 
is made of 32 creep tests which have in common the chemical 
composition of the steel (S.A.E. No. 4330 steel) and a creep tem- 
perature of 450° C. (840° F.). Correlation of the creep strength 
with the actual size of the existing carbide grain shows that there 
is an optimum grain size for the maximum creep strength; a 
larger or smaller grain than the optimum value gives a decreasing 
creep strength. For this particular steel and temperature, (a) 
changing the grain size can vary the creep strength by 21,000 lb. 
per sq. in; (6) the structure within the grain can change the creep 
strength by 4500 lb. per sq. in; and (c) ferritic banding in the visible 
mechanical form can lower the creep strength by up to 4300 lb. per 
sq. in., while in the “‘masked” or distributed form the effect of 
banding is negligible. 

Laboratory Investigation of Low-Temperature Impact-Properties 
of some §.A.E. Steels. A. J. Herzig and R. M. Parke. (Metals 
and Alloys, 1938, vol. 9, Apr., pp. 90-93). The authors describe 
the results of an investigation of the low-temperature impact 
strength of a carbon-molybdenum steel and of a number of 8.A.E. 
steels at temperatures down to — 190° C. Of the twelve steels 
studied, only S.A.E. 4615 and 4815 gave satisfactory Charpy 
impact values, namely, 10 ft.lb. at — 70° C., when tested in the 
normalised state. Heat-treated and tempered to a Brinell hard- 
ness of 200, all the steels tested, except S.A.E. 1045, yielded a 
Charpy impact value in excess of 10 ft.lb. at — 70° C., whilst at 
a Brinell hardness of 300, only S.A.E. 3135 and 1045, and the carbon- 
molybdenum steel gave impact values below 10 ft.lb. Data are 
presented in graphical and tabular form. 

The Hydrogen Embrittlement of Certain Metals. W. Baukloh 
and W. Stromberg. (Zeitschrift fiir Metallkunde, 1937, vol. 29, 
Dec., pp. 427-433). The authors discuss the hydrogen embrittle- 
ment of certain non-ferrous metals and of iron consequent upon 
heating specimens of the metals in hydrogen. In the case of 
iron, a pressure increase in the body of the metal due to annealing 
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in heated hydrogen can only occur as a result of chemical inter- 
action between the hydrogen and alloying elements or impurities 
present in the iron. Electrolytic pickling of Armco-iron sheet 
results in a decrease in the deep-drawing properties of the material 
which are not fully restored even by annealing; at the same time 
distention of the lattice occurs after such a pickling operation. In 
the case of nickel similar lattice distortion is found to an even more 
marked extent, but the deep-drawing properties of the metal are 
apparently not affected; it is possible that a very thin film of 
hydrogen only is adsorbed at the nickel surface. 

The Behaviour of Arsenic in the Production of Iron and Steel 
and Its Influence on the Properties of the Steel. E. Houdremont, 
H. Bennek and H. Neumeister. (Technische Mitteilungen Krupp, 
Forschungsberichte, 1938, No. 6, July, pp. 101-119). The authors 
point out first that, whereas the iron ore deposits of Scandinavia, 
Lorraine, England, and America contain only minute quantities 
of arsenic, which have no influence on the properties of pig iron 
and steel made from them, ores of Spain, North Africa, Italy, Greece, 
Asia Minor, and South Russia may contain larger quantities, so 
that the question of the effect of the arsenic on the products obtained 
from them becomes of importance. They discuss the behaviour 
of arsenic in the dressing of ores, in the manufacture of pig iron and 
in steel production, and then go on to deal with the influence of 
arsenic on the properties of steel. Under the heading of laboratory 
tests, they describe researches carried out in the Krupp laboratories 
on a number of low-carbon steels, heat-treatable carbon steels 
and chromium-nickel steels, chromium-molybdenum steels (heat- 
treatable, heat-resisting and weldable), and carbon tool steels ; 
the corrosion-resistance of arsenical steels and their behaviour on 
pickling are also dealt with. Under the heading of works tests 
they describe an investigation of basic Bessemer steel containing 
0-25% of arsenic; the ingot cross-section was examined and data 
are presented regarding the behaviour of the metal in regard to 
hot-deformation (rolling), mechanical properties, wire-drawing 
and welding. Brief mention is also made of an open-hearth steel 
containing 0-25% of arsenic; here likewise the ingot was sectioned, 
and forging tests were also made. The authors draw the following 
conclusions: Theoretical consideration of the iron-arsenic-oxygen 
ternary system suggests that arsenic may best be removed from 
the ore by roasting in the range Fe,0,-FeO at a temperature of 
700-900° C. The volatilised arsenious oxide is produced directly 
from the arseniate and not indirectly through the arsenide. The 
removal of arsenic is not to be expected in the blast-furnace, nor 
during the desulphurisation of the pig iron, nor during the steel- 
making process by volatilisation or by the slagging off of arsenic 
compounds. Arsenic has no influence on the formation of piping 
or skin blow-holes during the solidification of ingots. In unkilled 
steel, arsenic segregates to about the same extent as phosphorus, 
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in killed steel as little as carbon, phosphorus and sulphur. The 
element, in amounts up to 1%, does not affect the hot-deformation 
of steel. In general, it raises the tensile strength and yield point, 
and the toughness falls correspondingly; apparently this effect 
of arsenic becomes greater, the higher the tensile strength of the 
steel. It had no observable detrimental influence on the cold- 
working properties. In laboratory tests, the weldability of plain 
and alloy steels was unaffected by up to 0-25% of arsenic; only 
with higher contents did the susceptibility of thin sheets to welding 
cracks in gas-welding increase markedly, but it could not be deter- 
mined to what extent thicker sheets and those of greater strength 
would be affected. The mechanical properties of autogenous and 
electric welds were not depreciated by 0-25% of arsenic, but this 
amount was sufficient to be detrimental to fire welds. The harden- 
ability of plain carbon tool steels was unaffected by 0-2% of 
arsenic, but with more than this amount the depth of hardening 
decreased. The «-> y transformation is raised by arsenic. 

Copper in Cast Iron. A. J. N. Smith. (Institute of British 
Foundrymen: Foundry Trade Journal, 1938, vol. 58, June 30, 
pp. 537-540; vol. 59, July 7, pp. 8-11). The author records the 
results of experimental work carried out by the British Cast Iron 
Research Association on the influence of copper on cast iron. Under 
normal casting conditions, the liquid solubility of copper in grey 
cast iron is about 5-5%. Beyond this percentage, visible globules 
of primary copper are present. The equilibrium solid solubility 
was not determined, but under normal casting conditions grey 
iron is capable of dissolving 3-5°% of copper without the appearance 
of free copper in the microstructure. Above this percentage the 
free copper is present as dispersed microscopic particles termed 
secondary copper. These solubility limits are little affected by 
the rate of cooling or the composition, except that the presence 
of nickel increases the solubility. In quantities less than 3-5%, 
copper in grey cast iron behaves as if in solution, and this solution 
is comparatively stable to heat treatment. In quantities up to 
35% copper acts as a graphitising agent, being about one-third 
as powerful as silicon. Further copper beyond this figure reverses 
this effect and causes an increase in chill, the effect being apparently 
due to dilution. No tendency to decompose the carbide of pearlite 
was noticed. The hardness of grey cast iron is increased by copper 
dissolving in the matrix, although since copper acts as a graphitising 
agent it may simultaneously reduce the hardness by causing the 
decomposition of free cementite. In the absence of the graphitising 
effect the hardness increase is about 10 to 11 points Brinell for each 
1% of copper. The influence of copper on the transverse strength 
is only slight, but is favourable. The influence on the tensile 
strength is more markedly favourable than is the case with the 
transverse strength. The impact resistance of grey cast iron 
shows improvement with the first 1% or 2% of copper. In general, 
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the mechanical properties reach their optimum values between 1° 
and 2% of copper. This element has little influence on the micro- 
structure of cast iron. It causes refinement of the pearlite and of 
the graphite. Free cementite is decomposed, but no new constituent 
is introduced into the structure until free copper appears at 3-5%. 
Copper in excess of the liquid solubility limits is capable of giving 
rise to supercooled graphite. Copper in quantities up to 1% 
improves grey cast iron from the point of view of shrinkage. With 
2% of copper the shrinkage is about the same as in the base metal, 
while with 3% the material becomes definitely worse from this 
point of view. The combined addition of copper together with 
one of the chilling elements, manganese, chromium or molybdenum, 
results in improved hardness and strength. Copper with manganese 
gives a marked increase in hardness, copper with chromium gives 
an all-round improvement, while an addition of copper plus molyb- 
denum allows molybdenum to be added to an existing foundry 
mixture without influencing the chilling properties. Additions of 
copper plus manganese or copper plus molybdenum are capable 
of giving a martensitic structure. 

Influence of Oxygen on the Ageing of Iron and Steel. A. B. 
Wilder. (Metals and Alloys, 1938, vol. 9, May, pp. 119-123; 
June, pp. 145-148). The data published in this article were obtained 
from heat-treated specimens approximately } in. thick and 1 in. 
square, the heat treatment usually lasting one hour. Iron of high 
purity was saturated with oxygen at 1300° C. and lower temperatures. 
Quench- and strain-age-hardening of the various alloys were studied. 
Low-, medium- and high-carbon steels, after suitable heat treat- 
ment, were examined for strain- and quench-age-hardening. Alloys 
of iron and oxygen exhibited marked strain-ageing but did not show 
quench-ageing to the degree expected. Armco iron and various 
low-carbon steels behaved in the usual manner, showing marked 
strain- and quench-ageing. The medium- and high-carbon steels 
did not age-harden after suitable heat treatment. The results 
of the investigation indicate that oxygen plays an important part 
in the age-hardening of steel, especially after cold-working. It 
does not appear that carbon is the only factor responsible for 
quench-age-hardening. 

A Study of the Influence of Manganese on the Hardening and 
Tempering of CastIron. J.E.Hurst. (Institute of British Foundry- 
men: Foundry Trade Journal, 1938, vol. 58, June 30, pp. 545- 
548). The author has investigated the properties of a series of 
centrifugally-cast chromium cast irons containing varying amounts 
of manganese from 0-91 to 3-:10% in the as-cast, annealed and 
hardened and tempered conditions. The results show that in the 
as-cast condition an increase in manganese has apparently little 
effect on the combined carbon content, but with 2% and over, a 
marked reduction in sulphur is brought about; the Brinell hard- 
ness is increased, but the tensile strength, permanent set value, and 
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the EN value are slightly lowered with increasing manganese 
content. Quenching from 875° C. in oil is accompanied by a 
substantial increase in hardness and a marked drop in the tensile 
strength, permanent set value, and the HN value; increase in 
manganese appears to bring about less decrease in tensile strength, 
EN value and hardness, and the permanent set value does not appear 
to be affected by the manganese content. Quenching in oil from 
all temperatures up to 800° C. is accompanied by a lowering of the 
Brinell hardness. Above 800° C. quenching is accompanied by an 
increase in hardness and in the higher manganese specimens (2:0% 
and 3-10%) the maximum hardness is obtained by quenching from 
825° C. With lower manganese the higher temperature of quench- 
ing (875° C.) appears to be necessary to develop the maximum hard- 
ness. Quenching from temperatures up to 800° C. is accompanied 
by a substantial increase in tensile strength, but immediately 
quenching is accompanied by hardening then there is a marked 
falling off in tensile strength. Tempering after quenching is 
accompanied by a recovery in the tensile strength and a reduction 
in the hardness value attained on quenching. The maximum 
recovery in strength occurs at a tempering temperature of 350° C., 
but with the higher manganese contents the magnitude of this 
is not so great as in the lower manganese specimens where the 
strength attains a value in excess of that of the original as-cast 
condition. It is possible that the higher manganese content 
specimens would yield better results if quenched at the lower 
temperature of 825° C. With higher tempering temperatures the 
values of both the strength and hardness are reduced further in the 
direction of those of the original as-cast condition. The same 
remarks apply to the permanent set values and there is no evidence 
of any important influence of manganese on this value after temper- 
ing. The HN values also undergo recovery with tempering. 
Annealing is accompanied by a lowering of the Brinell hardness and 
an increase in the manganese appears to minimise the extent of this 
reduction. Quenching and tempering after annealing bring about 
hardening, but slightly less in magnitude than the direct quenching 
and tempering of the material from the as-cast condition. An ex- 
amination of the carbon contents shows that in the hardened and 
tempered condition reabsorption of the graphite takes place, and 
this occurs also in the material which has been hardened and tem- 
pered after subjection to an annealing treatment. 

Influence of Manganese Additions up to 20°, on the Structure 
and Properties of Cast Alloys with 30°, of Chromium. R. Kluke. 
(Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, June, pp. 615- 
618). The influence of manganese in amounts of up to 20% on 
various properties of cast steels with 0-35-1% of carbon and 30% 
of chromium was investigated. In the examination of the micro- 
structures of the alloys containing more than 10% of manganese 
with 1% of carbon and more than 15%, of manganese with 0-35%, 
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of carbon the compound FeCr was found as a new structural com- 
ponent ; its occurrence and appearance were not much affected by 
annealing for 100 hr. at 600-1000° C. ‘Tensile tests at room and 
at raised temperatures revealed an improvement due to manganese 
(up to 13%). Despite the high hot-strength of the alloys, they 
did not behave well in the creep test, owing to their great elongation 
at raised temperatures. Quite small additions of manganese destroy 
the resistance to scaling of the straight 30°, chromium cast alloy. 

Krupp’s Materials Researches in the Literature. (Technische 
Mitteilungen Krupp, Forschungsberichte, 1938, No. 1, May, pp. 
3-31). In the past, Technische Mitteilungen Krupp, successor to 
Kruppsche Monatsheft, has contained reports of some of the 
research work carried out in Messrs. Krupp’s laboratories and also 
accounts of recent developments in the company’s products. As 
a result of requests from various directions, it has now been decided 
to divide the publication into two sections: A, Research Reports, 
and B, Technical Reports, in order that all the publications of the 
firm in these categories may be issued in the one publication. The 
present issue, No. 1 of the Research Reports, is devoted to a general 
review of papers describing researches carried out in the firm’s 
laboratories. The sections deal with the following aspects: 
General papers; chemical analysis, testing and researches; 
mechanical testing; physical test methods; corrosion testing ; 
metallography and the science of metals; metallurgical research 
papers; rustless, acid- and heat-resisting alloys; materials for 
boilers and pressure vessels; structural steels; surface-hardening ; 
welding technique; tool steels and hard metals; steels with 
special physical properties; foundry products; and the chemistry 
of coal. Each section is followed by a bibliographical list indicating 
where the papers have been published. 

The Superheating of Cast Iron. (Metal Treatment, 1938, vol. 4, 
Spring issue, pp. 24-27). An abridged translation into English 
of an article by E. Piwowarsky which appeared originally in 
Giesserei, 1937, vol. 24, Oct. 8, pp. 510-517. (See Journ. I. and 
S.I., 1938, No. I., p. 36 4). 

The Properties and Uses of Chilled Iron. S.C. Massari. (Ameri- 
can Society for Testing Materials, June-July, 1938, Preprint No. 45). 
The paper describes briefly the basic metallurgy of chilled iron, 
its technique of production, and metallographic nature. Recent 
developments in the heat treatment of chilled iron with the sub- 
sequent improvement in physical properties and metallographic 
structure are described. The effects of some of the generally used 
alloying elements on the properties of chilled iron are briefly 
discussed. 

Light Structures in Cast Iron. A. Thum. (Giesserei, 1938, 
vol. 25, May 20, pp. 237-241). The author discusses the necessity 
for light-construction methods in the application of cast iron and 
shows how by the organised utilisation of modern knowledge of 
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structures a high strength due to shape may be achieved with 
modern cast iron which possesses good mechanical properties and 
favourable casting properties. Sundry examples are quoted to 
illustrate the author’s argument, and in conclusion it is demon- 
strated how the special peculiarities of cast iron must be borne in 
mind when designing structures in this material. 

Castings Versus Forgings. D. Clarke. (Foundry Trade Journal, 
1938, vol. 58, June 9, pp. 458-460). The author discusses the use 
of castings in place of forgings for certain classes of work and 
emphasises the importance of correct heat treatment in the case 
of castings. It is pointed out that a well-designed steel casting 
produced according to the best accepted moulding practice does 
not possess two very serious faults liable to be associated with 
forgings, namely, axial and directional weakness. 

What is Made of Malleable Iron? E. Touceda. (Metals and 
Alloys, 1938, vol. 9, June, pp. 151-156). While the introduction 
of new alloy steels has received a great deal of publicity, improve- 
ments in many of the older materials are none the less significant 
in meeting changed conditions. The author here discusses many 
modern applications of malleable cast iron in the construction of 
parts for motor cars, agricultural implements and railway equipment. 
He points out the unusual relation between the tensile strength and 
elongation of malleable iron. With most materials the relation 
holds that the tensile strength and elongation vary inversely, whilst 
for malleable iron the stronger product has the higher ductility. 

Physical Properties of Four Low-Alloy High-Strength Steels. 
W. L. Collins and T. J. Dolan. (American Society for Testing 
Materials, June-July, 1938, Preprint No. 41). Tests were made to 
obtain information on the load-resisting properties of four low- 
alloy high-strength steels and one ordinary structural carbon steel 
when subjected to static, impact and repeated loads. Results 
are presented from static load tests in tension and torsion, notched 
tension tests and from tension tests following a prestressing. 
Charpy impact values obtained from bend tests of a V-notch 
specimen, and tension impact values for both notched and unnotched 
specimens tested in the Charpy machine are included. The 
endurance limits obtained from repeated bending fatigue tests on 
specimens in air and in a stream of water, for both solid specimens 
and specimens containing a hole or fillet, are given. 

The results indicate that two of the low-alloy high-strength 
steels had considerably higher ratios of yield point to tensile strength 
than ordinary structural carbon steel and had about the same 
ductility as ordinary structural carbon steel. All steels tested had 
well-defined yield points as determined by the drop of the beam when 
gauge lengths of 8 in. were used. The properties obtained from 
impact tests apparently depend upon the type of specimen 
used. For repeated-load specimens free from abrupt changes in 
section and tested in air, all four low-alloy high-strength steels 
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had endurance limits at least 679% greater than that of structural 
carbon steel. However, the low-alloy high-strength steels exhibited 
a greater fatigue notch-sensitivity and were damaged to a greater 
extent by corrosion-fatigue than ordinary structural carbon steel. 
The values of the corrosion-fatigue endurance limits fr specimens 
of all four low-alloy high-strength steels containing a hole or fillet 
were about the same and were small as compared with their 
endurance limits in air. 

The Development of Steels for the Superstructure of Railways. 
R. Walzel. (Zeitschrift des Osterreichischen Ingenieur und 
Architekten Vereines, 1938, vol. 90, July 8, pp. 183-196). The 
author reviews the development of the output of rails (consequent 
upon advances made in methods of steel production, &c.) and of 
their properties, both mechanical and physical, from the earliest 
days of railways up to the present time; the casting of special 
ingots for the production of compound rails of which the head 
shall be particularly wear-resisting, methods of hardening the heads 
of rails, the welding of rail joints, &c., are referred to. An illustra- 
tion shows that a puddled-steel rail made as long ago as 1866 had 
the head made of harder steel to resist wear and the web and foot 
of softer steel to provide toughness. 

Mechanical Properties of Axle Billets. L. Vladimirov. (Stal, 
1937, No. 9, pp. 52-61). (In Russian). An extensive summary 
and discussion of Russian works data concerning the mechanical 
properties of billets for the production of axles. 

Steel Sleepers for Excavators in Brown-Coal Open-Cast Working. 
K. Fréhlich. (Mitteilungen aus den Forschungsanstalten des 
Gutehoffnungshiittekonzerns, 1938, vol. 6, May, pp. 97-104). 
The author presents a review of the present state of development 
of the use of steel sleepers for excavators and discusses the most 
important aspects to be considered in choosing a suitable sleeper. 
The article has particular reference to excavators used in the open- 
cast working of brown-coal mines. 

The Political-Economic Significance of Hard-Metals and Hard- 
Metal Tools. K. Becker. (Metallwirtschaft, 1938, vol. 17, May 20, 
pp. 553-556). The author discusses inter alia the economy effected 
in the consumption of expensive imported alloying elements required 
for high-speed steel by the extended use of sintered hard-metal 
tools which give greatly increased outputs in relation to their 
tungsten contents. The choice of suitable grades of hard-metal 
for different operations on various materials is also dealt with 
together with operating data for certain types of tools. 

Substitution of and Economy in Material for Electrical Equip- 
ment in Automobiles. H. Hiiber. (Metallwirtschaft, 1938, vol. 17, 
May 20, pp. 547-552). Reference is made to economy in the 
consumption of imported raw metallic materials in Germany by 
substituting for these, materials of domestic origin or by modifica- 
tion of design so that less material is required. Thus the use of 
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copper-faced steel contacts is noted together with the use of a 
chromium-aluminium alloy in place of nickel-chromium alloys for 
electrical resistors. Particular reference is made to the saving in 
material effected by the substitution of iron-chromium, iron- 
tungsten, and iron-cobalt alloys for permanent magnets by iron- 
nickel-aluminium (Alni) alloys which, by reason of their high 
remanence and coercive force, may be made much less bulky than 
permanent magnets of the first three types of alloys. The use of 
steel with or without a protective coating of lacquer, zinc, cadmium 
(in preference to nickel and chromium which, however, may also be 
used if essential), and of suitably treated aluminium or magnesium 
alloys in place of other non-ferrous metals is discussed at length. 

Investigation of the Suitability of Heat-Resisting Materials for 
Internal-Combustion Engines. F. Bollenrath, H. Cornelius and W. 
Bungardt. (Metallwirtschaft, 1938, vol. 7, July 15, pp. 755-757). 
According to the engine type and load, the exhaust temperatures 
of the waste gases from aircraft engines lie within the following 
limits: Diesel engine, 450-700°; petrol engine without super- 
charger, 950-1150°; petrol engine with supercharger, 1000-1200° C. 
The high rates of revolution which occur in exhaust-gas turbines 
lead to high tensile stresses in the rotor blades as a result of centri- 
fugal force. For these and other reasons the authors have carried 
out a research on a number of heat-resisting materials, to determine 
their suitability for use in the construction of internal-combustion 
engines. Twenty-four alloy steels and other alloys were investigated ; 
their compositions are listed in a table, in which the “ marks ” 
of the manufacturers are also given. The research included loading 
tests above the creep limit, the determination of the resistance to 
alternations of temperature, the observation of microstructural 
changes on annealing, and scaling experiments. The stresses 
giving rise to a total elongation of 1% in 300 hr. at temperatures 
of 600°, 650°, and 700° C. are tabulated, while another table shows 
the relationship between these loads and the specific gravity of the 
material. 

Cast-Iron Piston Rings for Internal Combustion Engines. S. 
Pilarski and Szenderowski. (Wiadomosci Instytutu Metalurgii i 
Metaloznawstwa, 1938, vol. 5, No. 1, pp. 6-15). The purpose of the 
research described was to endeavour to produce piston rings of 
superior quality. Fifty-eight casts were made with irons of different 
compositions, melted in an oil-fired crucible furnace. In thirty- 
six cases the rings were cast separately and in the rest in the form 
of tubes. For the individually-cast rings the sand moulds generally 
contained four rings each; but in some cases twenty-four rings 
were cast at a time. The moulds were of green sand, dried and 
preheated. A table of data shows the relation between the 
appearance of the fractured metal and the composition and also the 
temperature of the mould. The tubes for rings were cast in chill 
moulds, divided in two by a sand core. For comparative purposes 
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tests were made also on rings of English, Swedish, Swiss, Russian, 
Italian and Polish origin. The authors’ own rings were heat- 
treated by a method previously used for grey-iron castings, based 
on the isothermal decomposition of the austenite in a salt bath. 
The Rockwell hardness, transverse strength, elastic modulus and 
resistance to wear were determined on the authors’ specimens and 
also on the English rings before and after heat treatment. The 
conclusions drawn from the research were as follows : (1) The authors’ 
rings cast separately were of better quality and possessed better 
mechanical properties than those cast as tubes; they corresponded 
to the requirements for the rings of foreign manufacture, and were 
even comparable with the English rings, which had very superior 
mechanical properties. (2) The foreign rings contained special 
elements. The addition of such elements—for instance, chromium 
up to 1% and molybdenum up to 1-25°—is not necessary, because 
the addition of 0-3% of molybdenum to the separately-cast rings 
gave a transverse strength of 65 kg. per sq. mm. in the as-cast 
condition and 80 kg. per sq. mm. after heat treatment. The heat 
treatment applied to the rings gave satisfactory results. The micro- 
structure of the rings depended on the heat-treatment conditions ; 
the maximum mechanical properties corresponded to a sorbitic 
structure. The graphite precipitated in the authors’ rings was 
fine-grained and comparable to that in the good rings of foreign 
origin. 

Development and Present State of the Utilisation of Corrugated 
Sheet. O. Vogel. (Stah! und Eisen, 1938, vol. 58, June 2, pp. 605- 
606). A short historical review of the development of corrugated 
sheet and its uses is presented. 
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The Examination of Metals in Polarised Light. L. V. Foster 
and J. E. Wilson. (American Society for Testing Materials, June— 
July, 1938, Preprint No. 24a). The significance of illuminating 
and examining opaque surfaces in polarised light is discussed. It 
is shown that a specular reflecting surface may alter the brightness 
of a beam of light if the surface is tilted obliquely to the plane of 
vibration of the beam of illumination. This is the reason for 
scratches on highly polished surfaces showing bright in an other- 
wise extinct field when examined between crossed nicols. Most 
metal oxides are in nature coloured but when polished and examined 
by means of vertical illumination reflect sufficient light to obscure 
their colour completely. If examined between crossed nicols, the 
surface reflection is illuminated and their true colour becomes 
visible. 

A brief description of the way existing microscopes can be 
adapted to make observations in polarised light is given. A more 
extensive description of a new polarising vertical illuminator which 
leads to more efficient bright-field illumination is included. This 
illuminator, furthermore, provides an improvement in the quality 
of the polarised light. ‘The microscope in which this illuminator is 
incorporated has many novel features which aid in its use for both 
visual and photographic purposes, whether used in polarised-light 
or bright-field applications. 

Applications of polarised light to the identification of copper 
oxide, copper sulphide, chromic oxide and glassy silicates are 
illustrated, and the use of this technique in studies of grain size, 
preferred orientation and the identification of phases in aluminium 
alloys are also illustrated. Other applications such as the measure- 
ment of the anodic coating thickness on aluminium alloys are 
described. It is pointed out that only by systematic investigation 
can the full utility of the polarising microscope be realised in any 
specific field of investigation. 

The Preparation of Micrographic Specimens on a Lead Disc 
with Bonded Abrasives. K. Amberg. (Stahl und Eisen, 1938, 
vol. 58, June 9, p. 631). A summary of the author’s paper which 
appeared in Jernkontorets Annaler, 1937, vol. 121, pp. 603-614 
(see Journ. I. and S.I., 1938, No. I., p. 156 a). 

Possibilities and Limitations of Rontgen and Gamma Ray 
Examination. (Metal Treatment, 1938, vol. 4, Spring issue, pp. 
29-30, 34). An abridged translation into English of an article by 
R. Berthold which appeared originally in Stahl und Eisen, 1938, 
vol. 58, Jan. 20, pp. 49-52. (See Journ. I. and 8.I., 1938, No. L., 
p. 289 a). 
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Measurement of Wall Thickness by Means of X-Ray Irradiation 
and Counting Tube during Production. A. Trost. (Stahl und 
Eisen, 1938, vol. 58, June 23, pp. 668-670). The author describes 
an X-ray method of determining the thickness of the walls of 
pressure piping, gas bottles, and pressure vessels during the process 
of production or for acceptance-test purposes. In place of the 
ionisation chamber generally used a counting tube is employed ; 
its sensitivity is so much greater than that of the former that the 
accuracy of measurement is about 1% of the wall thickness. 
Besides inaccuracies in the wall thickness, corroded places, slag 
and cavities are revealed. 

Concerning Crystal Nuclei and their Significance in Connection 
with the Solidification of Metals. G. Phragmén. (Jernkontorets 
Annaler, 1938, vol. 122, No. 3, pp. 108-125). The author presents 
a critical review of investigations and theories concerning the rdéle 
of nuclei in promoting and modifying the type of structure obtained 
subsequent to the solidification of molten metals and alloys. 
Particular reference is made to the deliberate introduction of nucleus- 
forming media to promote fine grain structure. 

Boundary-Surface Characteristics. A Contribution on their 
Chemical-Technical Significance. J. A. MHedvall. (Svenska 
teknologféreningens avdelning fir Kemi och Bergsvetenskap, 
Mar. 24, 1938: Teknisk Tidskrift, 1938, vol. 68, May 14, Kemi, 
pp. 33-36; June 11, Kemi, pp. 41-46). The author discusses the 
lattice structure of crystalline bodies and the special properties 
associated with the boundaries of individual crystals grouped to 
form an aggregate. In particular, metals are discussed from this 
standpoint, the influence of lattice deformation or imperfection 
being considered. The significance of boundary-surface properties 
in metallic catalysts is referred to and the connection between 
such properties and the pyrophoric nature of metals produced by the 
low-temperature reduction of their compounds is noted. Crystal- 
boundary phenomena in connection with high-temperature oxida- 
tion processes, with corrosion processes in general, and with re- 
crystallisation processes are also dealt with. 

The Origin of the Cast Structure of Homogeneous Metals. E. 
Scheil. (Zeitschrift fiir Metallkunde, 1937, vol. 29, Dec., pp. 
404-409). A method is described for measuring the formation of 
nuclei in metals. The formation of nuclei is facilitated by under- 
cooling and for any given degree of undercooling is hindered by 
previous superheating. Crystallisation in the cast form is in general 
associated with the formation of three zones: A fine-grained outer 
zone, an inner columnar zone, and a central zone with irregularly 
orientated crystals. The formation of the first two zones is readily 
explained from the alteration in the degree of undercooling with 
the distance from the outer surface of the casting, but the origin 
of nuclei at the core is not so easily explicable and is considered, 
therefore, as abnormal. In part it may be considered to be due to the 
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breaking away of the points of dendritic crystals, a tendency which 
would be promoted by mechanical agitation of the melt. In- 
vestigations on the influence of superheating have shown that the 
formation of nuclei in abnormal quantities can be inhibited, and 
certain important conclusions are drawn from this observation. 
It is possible for nuclei which are formed in the melt to sink, and 
upon this fact is developed a method of research for inoculating 
substances. ‘The possibility of exercising technical control over cast 
structures is discussed. (See following abstract). 

The Cast Structure of Homogeneous Metals. (Metal Treatment, 
1938, vol. 4, Spring issue, pp. 11-14). A translation of an article 
by E. Scheil which appeared originally in Zeitschrift fiir Metallkunde, 
1938, vol. 29, Dec., pp. 404-409. (See preceding abstract). 

Banded Structure in Cast Metals. F. Roll. (Foundry Trade 
Journal, 1938, vol. 58, Apr. 14, pp. 306-308, 312). An English 
translation of the author’s paper which appeared in Giesserei, 1938, 
vol. 25, Jan. 28, pp. 25-30. 

The Development of the Recrystallisation Diagram with Reference 
to the Influence of the Rate of Heating. L. Graf. (Zeitschrift 
fir Metallkunde, 1938, vol. 30, Mar., pp. 103-108). The recrystal- 
lisation diagram of different alloys and technically pure metals 
exhibits a minimum value of the grain size which is dependent on 
the annealing temperature; this minimum value may be obscured 
by too low a rate of heating. Recrystallisation diagrams derived 
under conditions of rapid heating (7.e., those showing the minimum 
value for the grain size) approximate more nearly to the actual 
behaviour during recrystallisation than those derived under con- 
ditions of slower heating. This result is of practical importance, 
since the influence of the rate of heating on the refinement of 
structure is at once apparent; rapid heating to any given tempera- 
ture results in a finer grain size than slower heating to the same 
temperature. The author analyses the whole recrystallisation 
process into three individual processes of recrystallisation, and 
discusses in turn the influence on each of these three processes of the 
degree of deformation and of the annealing temperature. 

The Tendency of Austenite Grains to Grow in Cast and Forged 
Steels. S. Pilarski and H. Lukomski. (Wiadomosci Instytutu 
Metalurgii i Metaloznawstwa, 1938, vol. 5, No. 1, pp. 50-52). The 
authors have studied the growth of austenite grains in open-hearth 
steel of the following composition: Carbon, 0-46%; manganese 
0:97%; silicon, 0-339; phosphorus, 0-029%; and sulphur, 
0-032%. The specimens, taken from an ingot as cast and from a 
bar (from the same ingot) after forging, were reheated for } hr. 
at various temperatures ranging from 800° to 1100°C.; they were 
then cooled to a temperature a few degrees below the Ar, point 
and quenched. The grain size of the austenite was determined 
from the ferrite network. The results are shown in a diagram, and 
micrographs represent various points on the curve of grain-size 
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increase. The size of the grains was also determined comparatively 
by the McQuaid-Ehn method and by the oxidation method devised 
by Gruzdow and Fedorczenko. The authors conclude that the 
tendency for the austenite grains in steel to grow may alter under 
the influence of plastic working, and that theory contradicts the 
existence of “ inherited ” grains, that is, grains of a stable or fixed 
size which would be characteristic of a steel. 

Effect of Carbon on the Critical Cooling Rate of High-Purity 
Iron-Carbon Alloys and Plain Carbon Steels. T.G.Digges. (Journal 
of Research of the National Bureau of Standards, 1938, vol. 20, 
May, pp. 571-587). The author describes the preparation of a 
series of high-purity iron-carbon alloys and two series of plain carbon 
steels, the specimens of each series differing only in carbon content. 
Determinations of the austenitic grain size and critical cooling 
rate show how the carbon affects the hardening properties and 
permit comparisons of the hardenability of these alloys and steels. 

Concerning the Heat Evolutions in the Three-Phase Trans- 
formations in the Zinc-Nickel, Zinc-Cobalt, Zinc-Iron, and Zinc- 
Manganese Systems, together with an Appendix on the Iron-Zinc 
and Nickel-Zinc Systems. J. Schramm. (Zeitschrift fiir Metall- 
kunde, 1938, vol. 30, Apr., pp. 131-135). Recent research has 
necessitated some modifications in the iron-zinc diagram. Ferrite 
will hold in solution at room temperature 6% of zinc ; the solubility 
limits of the '-phase are at 28 and 21% of iron, and the solubility limit 
of the zinc-rich solid solution changes from 21% to 20% of iron at 
668° C.; the 8-phase exhibits a transformation in the solid state 
which lies 30-40° C. below the [ + S-+>8 reaction temperature 
(668° C.). The minute heat evolutions characteristic of the trans- 
formations have been demonstrated by a new method of making 
temperature/temperature-difference curves. 

The Decomposition of Austenite and the Transformation of 
Martensite from the Thermodynamic Standpoint. G. Phragmén. 
(Teknisk Tidskrift, 1938, vol. 68, June 11, Bergsvetenskap, pp. 
45-48). The author discusses the thermodynamics of the decom- 
position of austenite and the formation and transformation of 
martensite. In particular, the crystallography of martensite is 
considered in relation to its formation under normal and abnormal 
conditions, for example in the presence of alloying elements and non- 
metallic inclusions. 

Concerning the Systematisation of the Alloys of Iron. V. N. 
Svetchnikov. (Thirtieth Anniversary of the Death of Mendeleev, 
Report, Jan. 20, 1937: Theory and Practice of Metallurgy, Russia. 
1937, No. 11, pp. 103-110). The author presents the results of 
an investigation of the equilibrium diagrams of seven typical 
binary alloy systems of iron, namely, iron-nickel, iron-silicon, iron- 
chromium, iron-cobalt, iron-boron, iron-carbon, and iron-zirconium. 
In order clearly to represent the relationship which exists between 
the effect of the alloying element on the polymorphic transformations 
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of iron and the interatomic spaces in the lattice of the added element 
and its atomic number, a diagram is presented the ordinates of 
which are the product of the interatomic distances of various 
elements and their coefficients of thermal expansion and the atomic 
numbers of the elements concerned. On this diagram are plotted 
by means of conventional signs the various types of equilibrium 
diagrams to which various elements give rise when alloyed with iron. 
Elements insoluble in iron are placed in the upper part of the 
diagram; the lower boundary line passes through magnesium, 
silver and bismuth. Elements which form interstitial solid solutions 
with «-iron are placed in the lower part of the diagram ; the upper 
boundary in this case passes through carbon, arsenic and antimony. 
Elements of the a sub-groups which narrow the y field are located 
along the left-hand branches in an order corresponding to the 
intensity of their action. Similarly elements of this sub-group 
which widen the y field are located on the right-hand branches in 
order of their intensity of action in this regard. Elements which 
yield diagrams characteristic of alloys of the transitory type 
(chromium and molybdenum) are placed at minima on the diagram 
under discussion. Special branches are allotted to elements of sub- 
group b which narrow the y field (tin, antimony and arsenic). The 
range of displacement of the critical points of iron by the action 
of alloying elements is represented by a diagram showing the 
displacement of the initial «> y transformation point consequent 
upon the addition of 1-0 atomic % of the elements concerned. It 
is shown that the displacement produced is of a regular periodic 
character. The author then discusses the « -> y transformation 
boundaries in alloys of iron with titanium, zinc, arsenic, antimony, 
and platinum, basing his arguments on experimental data. The 
melting points of binary intermetallic compounds of iron are ex- 
amined in relation to a diagram the co-ordinates of which are the 
melting points of the compounds and the atomic numbers of the 
elements concerned. Superstructural formations and intermediate 
phases are shown to follow a definite sequence on this diagram, as 
also are the different types of crystal lattice possessed by various 
intermetallic compounds. Throughout this article the author 
stresses the value of referring problems of the nature discussed to 
the position of the alloying elements concerned in the periodic table. 

X-Ray Investigation of the Phases and Phase Boundaries in the 
Alloys of Zinc with Iron, Cobalt, and Nickel. J. Schramm. (Zeit- 
schrift fiir Metallkunde, 1938, vol. 30, Apr., pp. 122-130). In the 
iron-zine system five phases, stable at room temperature, occur 
apart from the y and 8 phases which appear at higher temperatures ; 
these phases are «, I, 8, € and y. The lattice parameters of the « 
solid solution were determined and from these the solubility limits 
of the y and « solid solutions were derived. Similarly lattice 
parameters and solubility limits were determined at room tem- 
perature for the I’ solid solution. Structural analogies between 
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alloys of zine with nickel, cobalt, manganese and iron on the one 
hand and with copper, silver and gold on the other are discussed. 
In the alloys of zinc with the first four metals mentioned a number 
of structurally similar phases (I',, 5, 5,, and ¢) are formed by break- 
down of the cubic I solid solution. 

Contributions to Knowledge on the Fe-O-C System. C. Schwarz 
and T. Kootz. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, 
May, pp. 527-530). The authors present a study of the thermo- 
dynamics of the reaction equilibria in the iron-oxygen-carbon 
system and show that the results of their investigations have 
apparently definitely established the thermodynamic potential for 
ferrous oxide up to the melting point. This value was determined 
for certain temperatures for iron, ferrous oxide, carbon monoxide 
and carbon dioxide. The new values for iron and ferrous oxide may 
form the basis for further calculations. 

The Iron/Chromium/Chromium-Sulphide/Iron-Sulphide System. 
R. Vogel and R. Reinbach. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 11, Mar., pp.457-462). Theiron/chromium/iron-sulphide/ 
chromium-sulphide equilibrium diagram was determined by 
thermal, microscopic and chemical methods. In addition the 
chromium/chromium-sulphide and iron-sulphide/chromium-sul- 
phide diagrams were also established. The first system is 
characterised by a marked miscibility gap in the liquid state. 
The ternary alloys consist of two constituents only, which in the 
vicinity of the miscibility gap are separated into two layers, one 
rich in iron and poor in chromium and the other rich in sulphur and 
chromium. 

The Iron /Iron-Titanide /Titanium-Carbide/Cementite System. W. 
Tofaute and A. Biittinghaus. (Technische Mitteilungen Krupp, 
Forschungsberichte, 1938, No. 4, May, pp. 67-78). The authors 
present the results of an investigation of the iron/iron-titanide/ 
titanium-carbide/cementite system up to titanium contents of about 
6% and carbon contents of about 3%. On the assumption that 
limited solubility occurred in the Fe,Ti-TiC and TiC—Fe,C sections, 
the scheme of reactions for the concentration quadrangle was worked 
out and confirmed by metallographic, thermal and X-ray examina- 
tions. As no new ternary crystal types occurred and, further, there 
is no great solubility between TiC and Fe,C, the limits of the y 
field and breakdown of the y phase with the precipitation of TiC 
and Fe,C were first determined. The y field in the iron-titanium 
binary system, reaching to 0-8%, titanium, is first extended by the 
addition of carbon as far as 1% titanium, but more carbon causes a 
steady contraction. Owing to the contraction of the y space, 
the a~y transformation also is shifted to higher carbon contents and 
temperatures by the addition of titanium, so that low-carbon alloys 
with, say, 3% of titanium or more remain ferritic right up to the 
melting point. The breakdown of the « solid solution with the 
precipitation of Fe,Ti in ternary alloys was also demonstrated, 
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From the structure of the system the following conclusions were 
drawn concerning the technical application of the iron-titanium- 
carbon alloys: Titanium—like chromium, only in greater degree— 
decreases the y field; 0-8% of titanium decreased the y field by as 
much as about 15% of chromium could do. For this reason the 
range of existence of y-iron is very small, and the hardening of steel, 
using up only the titanium carbide, can occur within only very 
restricted limits. The two- and three-phase spaces neighbouring 
the y space bring about the splitting of the transformation points 
called A, and A, in iron-carbon alloys into transformation ranges, 
so that increasing quenching temperature increases only slowly the 
hardness of alloys falling within this concentration field. There 
appears to be little prospect of making commercial use of the higher- 
titanium low-carbon alloys, because they are unhardenable ferritic 
steels. The high-titanium (4-22%) low-carbon alloys, which lie 
within the phase field of the compound Fe,Ti, are in fact capable of 
precipitation, but their metallurgical production is difficult owing to 
the high viscosity of the molten bath and the great loss of titanium 
in the slag. 

The Iron Corner of the Iron-Titanium-Carbon System. W. 
Tofaute and A. Biittinghaus. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, July, pp. 33-37). See preceding abstract. 

Thermal and X-Ray Investigation of the Iron-Titanium System. 
H. Witte and H. J. Wallbaum. (Zeitschrift fiir Metallkunde, 
1938, vol. 30, Mar., pp. 100-102). Thermal, X-ray and microscopic 
studies of the iron-titanium system demonstrated the existence 
of the compound TiFe, with a melting point of 1530°C. and the 
MgZn, crystal structure. The existence of TiFe, with the TiAl, 
crystal structure was not confirmed. It is noted that in the cobalt- 
titanium system at a composition approximating to TiCo,, a phase 
appears with the MgNi, crystal structure. Further results of this 
investigation will be published later in greater detail. 

Some Interesting Properties of the Nickel-Iron Alloys. (Nickel 
Bulletin, 1938, vol. 11, Mar., pp. 49-51). An account is given of 
models prepared by Chevenard and exhibited at the Paris Ex- 
hibition, 1937, to illustrate certain interesting properties of nickel- 
iron alloys. A dilatometer was employed to demonstrate allotropic 
changes and anomalies in the thermal expansion of nickel-bearing 
steels and iron. The thermo-elastic and thermo-magnetic anomalies 
of nickel-iron alloys were also demonstrated and another special 
model was used to show the screening effect of high-permeability 
nickel-iron alloys. (See also Journ. I. and S.I., 1938, No. I., p. 
284 A). 

The Iron Corner of the Iron-Aluminium-Carbon System. K. 
Léhberg and W. Schmidt. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 11, June, pp. 607-614). The equilibrium conditions in 
the iron corner of the iron-aluminium-carbon ternary system are 
determined by the occurrence of a ternary carbide, the composition 
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of which, however, is not known exactly. This carbide is ferro- 
magnetic, and, depending on the composition of the alloy, has a 
cubic face-centred lattice with super-lattice with a lattice constant of 
3-719 to 3-780 A. The results of earlier researches have been 
confirmed only in part. On the basis of their own and of previous 
investigations the authors have drawn up the iron-aluminium-carbon 
equilibrium diagram for the iron corner ; the austenite field extends 
to 1:35% carbon with 11-5% of aluminium and to 2-35% carbon with 
12% of aluminium. Up to 4% of aluminium decreases the critical 
cooling rate; with more of this element the rate rises again. With 
medium and higher carbon contents graphite occurs only in alloys 
in which the double carbide exists in small quantities ; consequently 
aluminium additions of up to 4% promote the formation of graphite ; 
with 8% only traces occur; while with 18-20% of aluminium 
graphite reappears in large quantities. 

Modern Equipment of a Thermochemical Laboratory. G. 
Beauseigneur. (Ninth Conference on Thermal Studies: Chaleur 
et Industrie, 1938, vol. 19, June, pp. 366-377). A general discussion 
of the calorimetric, thermometric and other apparatus required for 
up-to-date laboratories investigating thermochemical phenomena. 
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New Investigations on the Atmospheric Corrosion of Iron. 
W. H. J. Vernon. (Korrosion und Metallschutz, 1938, vol. 14, 
June-July, pp. 213-220). The author presents the results of 
experiments on the atmospheric corrosion of mild-steel sheets carried 
out at the Chemical Research Laboratory, Teddington, England. 
Two main series of tests were made, (a) in purified air and (0) in air 
containing sulphur dioxide. In each series, tests were made with 
the specimens clean to start with, and the influence of deposited 
minute particles and of the presence of carbon dioxide was examined, 
in each case atmospheres both unsaturated and supersaturated with 
moisture being used. The results are presented in graphical form 
and discussed in detail. 

The Influence of Sea-Water and Various Meteorological Variables 
on the Corrosion of Iron and Steel. C. Benedicks. (Korrosion und 
Metallschutz, 1938, vol. 14, June—July, pp. 181-190). In 1922 and 
1936 Sir Robert Hadfield and S. A. Main presented papers before the 
Institution of Civil Engineers in which they described researches 
which they had carried out on the atmospheric and also sea-water 
corrosion of ferrous materials at Halifax, Plymouth, Auckland, and 
Colombo. Inthe present paper the author presents a critical analysis 
of their results. After listing briefly meteorological data for the 
four research stations, he discusses the general loss of weight and 
the pitting of the specimens under conditions of complete and inter- 
mittent immersion in sea-water and also when exposed to the atmo- 
sphere. He then offers comments on the adhesiveness of paint coat- 
ings and the reduction of the mechanical strength of the material, 
due to the action of an external medium. In conclusion a lengthy 
summary of the original paper on “ Corrosion of Iron and Steel ” 
by Sir R. Hadfield and 8. A. Main, published in 1936, is presented 
by M. von Pohl. 

Comparative Corrosion Tests on Commercial Mild Steel and Low- 
Alloy Steel in the Sea and in the Laboratory. A. Portevin and E. 
Herzog. (Korrosion und Metallschutz, 1938, vol. 14, June—July, 
pp. 205-213). Comparative corrosion tests on an open-hearth 
steel, a basic Bessemer steel and a low aluminium-chromium steel are 
reported. The laboratory tests comprised intermittent immersion 
and spray tests made with actual sea-water and were carried out in 
thermostats so arranged that the relative humidity of the atmosphere 
was always 100%. The sea-water tests were made in the Mediter- 
ranean and the results of similar tests made at other ports in France 
and Belgium, where the conditions of exposure varied, are included 
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in order to avoid erroneous extrapolations. The intermittent- 
immersion laboratory test results agreed well with those for complete 
immersion in the sea, but the spray-test losses differed rather from 
those obtained in the natural salty sea atmosphere ; for instance, the 
superiority of the chromium-aluminium steel in the laboratory was 
much less noticeable in the sea air. The addition of these two 
elements (3% together) reduced the attack in sea-water to from 
two-thirds to seven-eighths. The attack was much less regular on 
the specimens immersed in the sea than en those exposed to the sea 
air, the pitting of which was imitated in the spray test; the attack 
in the intermittent immersion tests did not resemble that on the 
sea-immersion specimens. Analysis of the deposited material demon- 
strated the ability of the surface of the specimens to take up and 
react with calcium carbonate and silica from the sea, a point which 
was not readily observable in the laboratory tests; the alloy steel 
was more active in this respect than the others. The surface con- 
dition of the steels had a determining influence on their adsorptive 
and reactive ability. The laboratory test results corresponded only 
partially to the corrosion processes occurring in salt- and fresh- 
water. 

Influence of a Content of Tin on the Rate of Rusting of Copper- 
Bearing and Copper-Free Steels in the Air. K. Daeves. (Stahl 
und Eisen, 1938, vol. 58, June 2, pp. 603-604). The effect of the 
presence of 0-3% of tin in plain steel, in 0-25°% copper steel and in 
steel containing 0-25°% of copper and 0-1-0-2°%% of phosphorus on the 
rate of rusting of the metal during exposure for seven months in an 
industrial atmosphere was investigated. The tin was found to 
have a retarding influence; in the copper-free steel its action 
corresponded to that of an addition of copper and in the copper- 
bearing steel to an additional content of phosphorus. Here, again 
the acid solubility stood in no relation to the corrosion behaviour 
under natural conditions. The strength properties of the tin- 
bearing steels were what would be expected, but the drawability of 
the wires varied. 

On the Method of Measuring Electromotive Forces and very 
Weak Continuous Currents with the Aid of Electrometer Tubes. 
F. Miller. (Korrosion und Metallkunde, 1938, vol. 14, June- 
July, pp. 193-198). The principles and technique of the measure- 
ment of electromotive forces by means of electrometer tubes are 
explained. 

Crystal Orientation and Intercrystalline Corrosion. J. L. Snoek. 
(Zeitschrift fiir Metallkunde, 1938, vol. 30, Mar., p. 94). The author 
shows that the crystal boundary between two nickel-iron crystals 
with approximately similar orientations is considerably more 
resistant to oxidation than a boundary between two crystals with 
greater differences in orientation; its resistance approaches that of 
a single crystal. The significance of this fact in relation to inter- 
crystalline corrosion is discussed. 
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The Attack of Hot Gases on Steel. (Metal Treatment, 1938, 
vol. 4, Spring issue, pp. 35-40). An abridged translation into 
English of an article by E. Houdremont and G. Bandel which 
appeared originally in Archiv fiir das Kisenhiittenwesen, 1937, 
vol. 11, Sept., pp. 131-138. (See Journ. I. and §.I., 1937, No. IL., 
p. 291 4). 

Influence of the Surface Finish of the Basis Metal on the Corrosion 
Protection Afforded by Electrodeposits. M. Schlotter and H. 
Schmellenmeier. (Zeitschrift fiir Metallkunde, 1938, vol. 30, 
May, pp. 178-181). A distinct relationship exists between the 
degree of roughness of the surface of the basis metal and the pro- 
tective action of the electrodeposit upon it. An apparatus is 
described with which the surface polish of the basis metal may be 
measured. Tin and nickel were deposited on to sheets exhibiting 
various degrees of polish, the porosity of the deposits being sub- 
sequently determined; deposits on rough surfaces were found to 
be more porous than those on smooth surfaces. 

Hydrodynamic Erosion on Cylinder Liners in Internal-Com- 
bustion Engines. W. Mangold. (Zeitschrift fiir Metallkunde, 
1937, vol. 29, Dec., pp. 420-422). The corrosion and erosion pro- 
cesses occurring on the outer side of wet liners for internal-com- 
bustion engines consequent upon impingement of and turbulence 
in the cooling water are discussed. Constructional modifications 
are suggested for eliminating this phenomenon. 

Water-Impact Endurance Tests on Pure Iron. M. Vater. 
(Zeitschrift des Vereines deutscher Ingenieure, 1938, vol. 82, May 
28, pp. 672-674). In order further to elucidate the processes which 
lead to the destruction of materials subjected to water-impact 
stressing, endurance tests were carried out on pure iron with loads 
in the neighbourhood of the water-impact endurance strength of 
the material. The observations made confirm the view that the 
destruction of the material is occasioned by the gradual breakdown 
of the metal under the combined effects of alternating mechanical 
stress and corrosion. Stressing of this type is compared with 
other wearing processes. 
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Stichting voor Materiaalonderzoek. Mededeling No. 16. Centrale 





Corrosie Commissie. ‘‘ Eerste Verslag van Corrosie Com- 
missie IV voor de Bestudering van Beschermende Deklagen 
van Ijzerconstructies. Onderwerp: Ijzerconstructies in de 
Atmosfeer Bescherming met Verf.” Deel I. ‘“ Tekst.” 
8vo. Pp. 261. Mei, 1938. (Price, 7.50 florins). Deel IU. 
“Tabellen, Grafieken en Figuren.” Mei, 1938. 


The organisation of the Corrosion Committee of the Stichting voor 
Materiaalonderzoek is very similar to that of the Joint Corrosion 
Committee of this Institute and of the British Iron and Steel Federation ; 
thus the Dutch Committee includes amongst its members both scientific 
workers and technical representatives of the iron and steel and related 
industries and the Committee’s resources are materially augmented 
by generous practical assistance from government departments and the 
industry. The work of the main Committee is distributed amongst a 
number of Sub-Committees, and the volume under review constitutes 
the First Report of Corrosion Committee IV., who are endeavouring to 
establish what are the best methods for the protection of structural 
iron and steel against corrosion, due regard being paid to economic 
considerations. Their terms of reference are thus substantially the 
same as those of our own Protective Coatings Sub-Committee, and it is 
not surprising to find that their work is developing along very similar 
lines. The Dutch Committee have, for example, commenced a large 
series of field tests on sandblasted and painted steel panels, which have 
been exposed at five stations in Holland and one in the Dutch East 
Indies. When drawing up the experimental programme, special atten- 
tion was paid to determining the relative merits of various red lead or 
red oxide paints for use as priming coats; the paints tested were care- 
fully chosen and a large number of laboratory tests on their physical 
and other properties are recorded. Interim results after one year’s 
exposure are given in the Report, from which it may be noted that, on 
the whole, red lead paints have given better results as primers than red 
oxide paints and that the addition of relatively small amounts of iron 
oxide to red lead, say 10%, has not adversely affected the paint. 
To the general reader the most interesting observations will probably 
be those deduced by the Committee from regular inspections of painted 
steel structures. These are in complete agreement with the con- 
clusions reached by the Protective Coatings Sub-Committee and are of 
sufficient importance to be quoted verbatim : 

1. With the steel structures inspected by the Committee the 
duration of the protection afforded by the paint depends primarily on 
the surface condition of the steel under the paint. 

In the cases where a considerable decline in protection was 
observed, this had to be ascribed to the fact that the mill scale had not 
been completely removed before painting was started. 

3. By the combined application of sandblasting and red lead primer 
and the subsequent application of a finishing coat it was found to be 
possible to protect steel structures exposed to the atmosphere so 
satisfactorily that for some years (according to the experience of the 
Committee at least 4 years) even no sub-surface rust occurs. 

4. Descaling in the air at the site of construction, followed by 
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scraping with steel brushes, does not constitute a reliable method of 
thoroughly removing the mill scale. 

There is one interesting feature of the Report as regards printing. 
It is inevitable that Reports such as this should be long and their length 
usually leads to some criticism, the chief demand being that detailed 
data should be segregated as much as possible. The Dutch Committee 
have endeavoured to overcome this difficulty by printing the tables, 
graphs, and illustrations in a separate volume from the text of the 
Report. This is a novel procedure, worthy of careful study by other 
Committees, J. C. Hupson. 
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The Possibility of Developing Bulgarian Mineral Resources and 
the Outlook for Co-operation with German Industry. B. M. 
Radoslawow. (Metallwirtschaft, 1938, vol. 17, May 27, pp. 581- 
583). Reference is made to deposits of manganese ore, chrome ore 
and iron ore in Bulgaria. Some statistics are presented, particularly 
in regard to coal production. 

Seven-Hundred-and-Fiftieth Year of Ore Mining in Saxony. 
F. Schumacher. (Metallwirtschaft, 1938, vol. 17, June 10, pp. 
627-630). Reference is made to nickel- and cobalt-bearing minerals 
in the vicinity of Marienberg, Annaberg, Scheeberg and Johanngeorg- 
enstadt (Saxony), to the large number of small deposits of iron 
ores—limonite, hematite, magnetite—in other parts of Saxony which 
have not been worked for some decades and the further development 
of which is, to-day, still undecided, and to mianganese ores. Some 
statistics are given. 

The Mineral Resources of Austria. (Génie Civil, 1938, vol. 112, 
July 2, pp. 19-20). The history of the production of ores in Austria 
is briefly reviewed. The amount of iron ore mined is about 70 
million tons, and the reserves are estimated at 200 million tons. 
About one quarter of the world’s total magnesite production is found 
in Austria, the total quantity produced in 1936 in that country being 
398,000 tons. 

The Magnesite Industry of Ostmark. E. Kalmann. (Zeitschrift 
des Osterreichischen Ingenieur und Architekten Vereines, 1938, vol. 
90, July 8, pp. 201-203). In this short account of the magnesite 
industry of Ostmark, Austria, the author touches on the properties 
of the material. The superiority of Austrian magnesite is partly due 
to its freedom from impurities such as lime, silica and clay, but also 
to its considerable content of iron, which is present as amorphous 
FeCO, in the raw magnesite. When the magnesite is burnt this 
breaks down to the oxide and with the magnesia forms magnesia 
ferrite, MgO.Fe,0,, with a melting point of 1900° C. This magnesia 
ferrite promotes the formation of large regular periclase crystals 
during the firing of the magnesite, with beneficial results. 

The Mineral Deposits of Colombia. (Génie Civil, 1938, vol. 112, 
June 11, p. 502). The mineral resources of Colombia are briefly 
reviewed ; it is stated that the coal reserves are estimated to be 
50,000 million tons. 

The Ore Resources of Keban-maden (Turkey). A Maucher. 
(Zeitschrift fiir praktische Geologie, 1938, vol. 46, May, pp. 79- 
84). Reference is made to deposits of magnetite and pyrites in 
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“ Dere baca”’ and to vanadinite in “ Firat dere.”’ The article is 
mainly concerned with the geology of the deposits. 

The Mineral Deposits of Iran. (Génie Civil, 1938, vol. 112, June 
25, pp. 546-547). Ina very brief review it is stated that the iron ore 
deposits of Iran are fairly numerous, but apart from the difficulties of 
transport it is not an economic proposition to work it as the iron 
content is only about 25 to 28%. 

Magnesite Resources. J. Frank. (Teknisk Tidskrift, 1938, vol. 
68, June 11, Bergsvetenskap, pp. 48-52). The author notes briefly 
the magnesite resources of Russia, Spain, United States of America, 
Canada, Manchuria and Japan. In connection with the Russian 
magnesite resources, special reference is made to qualities suitable 
for use in the local steel industry, particularly in the form of chrome- 
magnesite refractories. 
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(Continued from pp. 125 a—127 a) 


The Production of Special Magnesite Refractories. A. Berezhnoy. 
(Stal, 1938, No. 1, pp. 30-37). (In Russian). The author devotes 
his article mainly to a discussion of the effect of the bonding material 
on the quality of the magnesite refractory, a considerable amount of 
experimental data (composition and properties of refractories) being 
given. The best results were given by refractories in which spinel 
acted as the bonding medium. Small additions of chromite were 
found to help the formation of the spinel (or more correctly chromium 
spinelide) at lower temperatures. 

Erosion of Refractories by Coal Slag. H.R. Fehling. (Journal of 
the Institute of Fuel, 1938, vol. 11, June, pp. 451-458). The erosion 
of refractories is not only a chemical reaction but also a process con- 
fined to the interface between the solid and liquid phase, and is 
therefore dependent on the geometric, hydrodynamic, and thermo- 
dynamic conditions of the transfer of material to and from the 
surface. The author presents a mathematical discussion of these 
problems. In his conclusions he expresses the opinion that the 
action of coal slag on refractories can be considered as a process of 
solution, for there was nothing to indicate that possible reactions 
were slower than the transfer of the products by diffusion. 

Refractory Problems in the Iron and Steel Industry. F. Singer. 
(Iron and Steel Industry, 1938, vol. 11, May, pp. 316-320; June, pp. 
479-482; Aug., pp. 575-580). In the first part of this series the 
author reviews the present stage of development of refractories for 
blast-furnaces, cupola and other furnaces and tap holes, runners, 
stoppers and nozzles, and ladles. Regarding hearth bricks, he quotes 
Klesper who is in favour of carbon bricks in preference to either high- 
alumina or siliceous qualities. Experience in Germany has shown a 
marked inferiority of the carbon brick to the fireclay brick. De- 
aired clay bricks have recently been introduced. The use of a vacuum 
during the forming of the brick affects its density only. Because of 
the increased density and better burning, resulting in better abrasion 
resistance, these bricks have been successfully applied to blast- 
furnace linings. The greater the resistance to air-flow through the 
brick the more thermally efficient will the brick be in regenerator 
service. The author believes that the de-aired clay brick will 
entirely replace the ordinary brick for use in open-hearth regenera- 
tors, blast-furnace stoves and linings. - In the concluding part of his 
paper he discusses the properties and applications of some new 
refractory bricks which include : (a) One based on fireclay which is 
recommended for service up to 1650° C. ; and (5) fosterite refractories 
which are made from a natural raw material called ‘“ olivine,” which 
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mineral is an isomorphous mixture of magnesium orthosilicate 
(Mg,SiO,) and iron orthosilicate (Fe,SiO,) ; (c) siemensite ; and (d) 
sillimanite. 

Refractory Arches. J.S. McDowell and L. L. Gill. (Steel, 1938, 
vol. 102, May 16, pp. 48-56). Conclusion of a previous article. 
(See p. 127 A). The author gives a number of arch calculations by 
means of which the number of bricks required to build various 
kinds of steel-furnace arches can be ascertained, and also discusses the 
stresses to which the furnace brickwork is subjected. 
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(Continued from pp. 128 a-129 a) 


Fuels for Industrial Heating Furnaces. M. H. Mawhinney. 
(Mechanical Engineering, 1938, vol. 60, May, pp. 381-384). After 
drawing attention to the necessity of maintaining furnace tempera- 
tures within narrow pre-determined limits in metallurgical furnaces, 
the author proceeds to a discussion of the kinds of fuel now available. 
Recent changes in America include the supply of natural gas over 
long distances to compete with gases produced from coal, and the use 
of butane, which can be transported and stored in liquid form under 
pressure. A table shows the comparative heating values and costs of 
fuels used in industrial heating furnaces. 

The Flow of Gases in the Combustion Chambers of Boilers with 
Grates. L.Schiegler. (Zeitschrift des Vereines deutscher Ingenieure, 
1938, vol. 82, July 16, pp. 849-855). The author describes an in- 
vestigation which was carried out with models in a wind-tunnel to 
study the flow of gases from the grate to, and within the combustion 
chambers of boilers. 

Steam-Engine Power. F. J. Vonachen. (Steel, 1938, vol. 102, 
May 23, pp. 58-59, 66). The author analyses the data obtained from 
44 power-cost surveys of steam engines. The results showed that the 
average power cost at 43 works was 4 cent per kWh. Some examples 
taken from the iron and steel industry are discussed in detail; these 
include an 8-h.p. engine driving a centrifugal drier, a 360-h.p. engine 
driving a blower, and a 15-h.p. engine driving a forced-draft fan. 

The Production, Transformation and Consumption of Heat 
Energy in Iron and Steel Making, with Particular Reference to Coke- 
Ovens. C. Berthelot. (Revue de Métallurgie, Mémoires, 1938, vol. 
35, June, pp. 263-278). After stressing the importance of the most 
economic utilisation of coke in iron and steel production, the author 
discusses at length the organisation of a central ‘ heat control 
office.” The function of this control office is to see that the electrical 
and thermal energy requirements of the consuming units of the works 
are supplied in the most economical manner by the producing units. 
An example is given of the application of this control at a works using 
the basic Bessemer process and producing annually 300,000 tons 
of rolled steel. Heat transfer diagrams are reproduced. The con- 
cluding part of the article is devoted to a study of coke production 
in Germany. 

Waste Heat Utilisation. R. E. Trevithick. (Fuel Economist, 
1938, vol. 14, Apr., pp. 119-120). The author gives a brief descrip- 
tion of the La Mont waste-heat boiler. The principal feature of the 
La Mont system is the small-diameter tubes used (either ? in. or 
1 in.). In the particular boiler described the tubes are arranged at 
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right angles to the gas flow and in staggered formation, which gives 
an extremely good heat transfer to the water owing to the scrubbing 
action of the gases on the outside of the tubes. Another type 
described is designed for using Diesel engine exhaust gases. 

The Problem of Heat Transfer. B.Koch. (Mitteilungen aus den 
Forschungsanstalten des Gitehoffnungshiitte Konzerns, 1938, vol. 
6, July, pp. 143-148). The author presents a study of the distribu- 
tion of flow and heat which occurs during turbulent flow in a tube, and 
evolves an approximate formula for determining the mean tempera- 
ture of the laminar boundary layer. It is important that this 
temperature be known when determining the heat transfer coefficient 
by means of Prandtl’s equation. Nomographs and curves are given 
with explanations of the methods of using them to determine the 
mean temperature of the boundary layer. 

Heat Exchangers for Chemical Process Applications. K. B. 
Millett. (Industrial and Engineering Chemistry, 1938, vol. 30, Apr., 
367-372). The author discusses the data required by a chemical 
manufacturer for the selection of heat interchangers. Consideration 
is given to features of design, such as efficient and practical structures 
for cross flow and leak-proof longitudinal baffles, as well as to the 
special requirements of high-pressure plant. 

, Testing Heat Transfer Equipment. RK. C. Gunness and J. G. 
Baker. (Industrial and Engineering Chemistry, 1938, vol. 30, 
Apr., pp. 373-376). The authors outline the procedure for the 
adequate testing of installed heat-exchange equipment in order to 
determine either the optimum operating conditions or whether new 
equipment is meeting design specifications. 

Investigations of Canadian Coals, Including their Testing, Classifi- 
cation and Utilisation. 3B. F. Haanel and R. E. Gilmore. (Fuel in 
Science and Practice, 1938, vol. 17, Mar., pp. 80-90; Apr., pp. 
109-118; May, pp. 128-134). This paper describes an investiga- 
tion conducted by technical officers of the Division of Fuels of the 
Department of Mines and Resources at Ottawa. The first section 
deals with smaller laboratory-scale chemical and physical tests, and 
the second section reviews recent large-scale investigations at the 
Fuel Research Laboratories, at collieries and at coke-oven plants. 

Dry and Wet Plants for the Removal of Dust from Coal. Wiister. 
(Gliickauf, 1938, vol. 74, June 11, pp. 507-508). A brief description 
is given of a dust-removal plant with a dry separator for use with 
underground coal conveyors. 

An Air-Circulation Separator. H. Kiick. (Zeitschrift des 
Vereines deutscher Ingenieure, 1938, vol. 82, July 16, pp. 861-862). 
A brief description is given of the “‘ Polydor ” dust and pulverised 
material separator which works by circulating a current of air. 

The Preparation of Coal by the Tromp Flotation Process. 0. 
Schafer. (Gliickauf, 1938, vol. 74, July 9, pp. 581-586). The 
author discusses the principles of the Tromp process and describes 
the plant used. The separation is performed solely by gravity, and 
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for specific gravities between 1-3 and 2-2 a thin slurry can be used. 
The control of the gravity of the sludge is simple and reliable. A 
comparison is made by means of graphs between the settling-tank 
and the Tromp processes. 

Launder Washing of Coarse Coal. J. T. Crawford, C. P. 
Proctor and M. J. Williams. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 947). The 
authors present some data and comparisons regarding three types of 
Rheolaveur plants washing bituminous coal from the Pittsburgh 
seam. They deal only with the sections that handle coarse coal. 

New Washery at Trimdon Grange Colliery. (Iron and Coal 
Trades Review, 1938, vol. 136, June 10, pp. 999-1000). The new 
washing plant which is part of the scheme of wholesale reconstruc- 
tion at the Trimdon Grange Colliery is here described. It is capable 
of dealing with 100-120 tons per hr. The plant includes a unit 
wash-box completely automatic as to both shale extraction and 
control of air pressure, pneumatic de-dusting, complete sizing and 
mixing of products, anti-breakage loading and slurry recovery. 

Mixing Coal to Reduce Losses at the Washing Plant. A. 
Haarmann. (Gliickauf, 1938, vol. 74, June 4, pp. 469-478). Diffi- 
culties arose at the Minister Achenbach colliery in Germany over the 
treatment of different kinds of coal at the same washery. The 
author compares the advantages and disadvantages of separately 
washing each class with those of washing an intimate mixture, and 
shows how the adoption of the latter method resulted in a reduction 
of the losses and an increase in the throughput of the plant. 

The Recovery of Iron Pyrites from German Coal. A. Déring and 
G. Erberich. (Gliickauf, 1938, vol. 74, June 25, pp. 537-540). The 
author describes an investigation into the possibilities of recovering 
iron pyrites from Ruhr coal. He shows that from 350 to 400 tons 
of pyrites concentrates containing 30-35% of sulphur could be re- 
covered. This could be treated by roasting, or the percentage could 
be brought up to 40 by a simple mechanical] wet process. 

The Recovery of Iron Pyrites from Coal Preparation Plants in 
Germany. F.L. Kiihlwein and G. Lohmann. (Gliickauf, 1938, vol. 
74, June 25, pp. 540-546). The authors examine the processes by 
which iron pyrites could be recovered from the coal washing plant 
and show that by using a process suitable for the raw material at 
each washery, a large quantity of pyrites could be recovered, but the 
process would not be an economic one. 

Slurry Treatment at Bolsover Colliery. (Iron and Coal Trades 
Review, 1938, vol. 137, July 5, pp. 48-49). The slurry-treatment 
plant here described comprises a thickener, rotary filter with acces- 
sories, consisting of a diaphragm pump for delivering the thickened 
solids from the bottom of the thickener to the trough of the rotary 
filter, a vacuum pump for de-watering the slurry on the drum, a 
rotary air blower for blowing off the cake from the filter to the 
scraper knife, and a filtrate pump to return the water extracted from 
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the filter cake back into the thickener tank for re-flocculation. With 
this plant it has been found possible to reduce the ash content of the 
fines off the }-mm. de-watering screens from about 13°, down to 
approximately 6%. The plant is looked after by one attendant, and 
the total cost of operation works out at about 4d. per ton of coal 
input to the washer. 

The Effect of Flocculents on the Removal of Water from Coal 
Sludge. W. Petersen. (Gliickauf, 1938, vol. 74, June 11, pp. 
493-503). Laboratory investigations on a number of sludges and 
floating concentrates showed that the removal of water was improved 
by the use of flocculents. The author describes the apparatus used 
and discusses the results obtained with particular reference to the 
use of starch, gelatine and lime as protective colloids. The effect of 
the size of the particles and the ash content on the composition of the 
sludge is also dealt with, and the article concludes with a discussion 
of the use and costs of the process when worked on a large scale. 

Methods of Determining the Grindability of Coal. W. Griinder. 
(Gliickauf, 1938, vol. 74, July 30, pp. 641-646). After reviewing the 
methods used for determining the grindability of coal, the author 
describes a new apparatus for doing this. It consists essentially 
of a small crushing mill and a dynamometer with an electric 
recording device which automatically draws a time/power curve for 
the sample being ground. 

New Coking and By-Products Plant at West Hartlepool. (Engi- 
neer, 1938, vol. 166, July 22, pp. 86-87; July 29, pp. 113-115). A 
description of the coke-oven and by-product plant at the West 
Hartlepool Works of the South Durham Steel and Iron Company, 
Limited. (See p. 128 a). 

New Coke Ovens and By-Products Plant. F. M. Mathews. 
(Australasian Engineer, 1938, vol. 38, May 7, pp. 11-12). A descrip- 
tion is given of a coke-oven and by-products plant recently put in 
operation at the works of Australian Iron and Steel Limited, Port 
Kembla. The battery consists of 72 Otto-Wilputte compound 
under-jet ovens, together with complete coal-crushing and coke- 
handling plant as well as plant for the recovery of ammonia, 
ammonium sulphate, tar, benzol and other by-products. 

The Application of the Results of Laboratory Fractionation 
Research to Large-Scale Plant. K.Scheeben. (Technische Mitteil- 
ungen Krupp, Technische Berichte, 1938, vol. 6, July, pp. 70-73). 
It has been found that in certain cases the ordinary laboratory 
distillation on quantities of 100 c.c. by the Kramer-Spilker process is 
not sufficiently accurate. The author describes the apparatus used 
for “‘ fine-fractionation ” and discusses some of the results obtained 
with it. 

Determining the Quantities of Coke and Volatile Matter Produced 
from Solid Fuels. W. Radmacher. (Gliickauf, 1938, vol. 74, July 
23, pp. 628-633). The method prescribed under German Engineer- 
ing Standard 3725 for determining the quantities of coke and volatile 
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matter produced from coal requires the use of platinum crucibles 
over a bunsen burner and it is now considered necessary to draw up a 
new standard method in which an electrically heated oven will be 
used. In this article the author describes the new electric-furnace 
method it is proposed to adopt as a standard, and he compares 
experiments and results obtained when testing various kinds of 
Ruhr coal by the new and the old processes. The data obtained by 
the two methods on the same kinds of coal were identical, but the 
use of quartz instead of platinum crucibles offers certain advantages 
to the new process. 

The Development of By-Product Coking. G. W. J. Bradley. 
(Journal of the Institute of Fuel, 1938, vol. 11, June, pp. 405-413). 
After reviewing the history of the by-product industry and noting 
that in the past four years orders have been placed by British steel- 
works for plants to carbonise over 6,000,000 tons of coal per year, the 
author proceeds to discuss the economic aspect of the industry. He 
is of the opinion that the practical problems of properly blending 
solid materials are not generally sufficiently realised, and the plant 
provided is normally quite inadequate to perform the operation 
effectively. The blending of low-rank coals with the highly-swelling 
coals of South Wales and the use of finely-ground coke dust are 
subjects deserving further research. He believes that steel furnaces 
will soon be fed with gas purified by the removal of 95% of its sulphur 
content and discusses the effect of sulphur in the furnace gas upon 
the sulphur content of the steel in the open-hearth process. In the 
concluding part of his paper the author draws attention to the effect 
which the demand for household coal has upon the economics of 
both the coal and coke-producing industries. 

The Development of the Metallurgical Coke Industry in Germany. 
C. Berthelot. (Revue de Métallurgie, Mémoires, 1938, vol. 35, Apr., 
pp. 165-175; May, pp. 220-232). In an extensive review of the 
progress of the coke and by-product industry in Germany over the 
last five years the author points out how production has been in- 
creased by various means. He discusses, in particular, flue design, 
the use of two vertical and one horizontal compensator chambers to 
enable the temperature and pressure of the gas in the ovens to be 
kept constant, the production of ammonium sulphate in crystals 
exceeding 0-2 mm., the possibility of sulphur recovery, and the 
mixing of a small amount of coal with the coke dust, which improves 
the mechanical properties of the coke produced. 

Becker Coke-Oven Plant of the Waleswood Coking Company 
Limited. (Iron and Coal Trades Review, 1938, vol. 136, June 17, 
pp. 1046-1047). A description is given of a new installation of 
W-D Becker regenerative under-jet type coke-ovens at the works of 
this company. The 23 ovens are arranged in a single battery. 
Each oven is 23 ft. 84 in. long and 12 ft. 6 in. high, and has an 
average width of l8in. With a coking period of 19 hours the battery 
is capable of carbonising daily 267 tons of coal containing 12% of 
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moisture. Particulars of the tar extraction, ammonia and benzol 
recovery plants are also given in this article. 

Phenomena within the Plastic Range of Coals. J. Sanjana. 
(Transactions of the Mining, Geological and Metallurgical Institute 
of India, 1938, vol. 34, Apr., Part I., pp. 56-64). The phenomena 
occurring in the plastic range of bituminous coals consist of soften- 
ing of the coal, melting of the bitumina, evolution of the gas, and 
sometimes the swelling of the coal and the evolution or absorption 
of heat in the plastic range according to whether the physical 
and chemical reactions happen to be exothermic or endothermic. 
The author in discussing these phenomena describes experiments 
carried out on samples of German and Indian coals to obtain data on 
their resistance to gas flow at various temperatures within the 
plastic range. He also emphasises the importance of laboratory 
work on practical operations. 

Some Experiences in the Working of the “ Krupp-Lurgi”’ Coal 
Carbonisation Plant of Friederich Krupp Aktiengesellschaft, Essen. 
K. Briiggemann. (Technische Mitteilungen Krupp, Technische 
Berichte, 1938, vol. 6, July, pp. 50-58). The experience which 
forms the subject of this paper was gained after two years operation 
of the plant. This “ Krupp-Lurgi ” plant comprises six ovens, each 
of which is divided by welded mild steel plates into “ cells” 1-8 m. 
high, 2 m. long with a mean width of 85mm. The throughput of the 
plant is 40 tons of coal per day. Coke was made from different kinds 
of coal and the physical and chemical properties of the coke are 
tabulated and discussed in this article. The properties of the gases 
are also examined. It was found that the “‘ Krupp-Lurgi”’ plant 
was suitable for the carbonisation of a great variety of Westphalian 
coals and that the plant was in excellent condition after two years’ 
continuous working. The steel plates forming the cell walls had 
stood up to the working conditions very well and were still fit for 
further service. The simplicity and strength of the ovens and cells 
gave long life and low initial cost. The working of the plant was an 
economic proposition, so that as a result of the experience gained a 
full-scale plant having a daily throughput of from 400 to 500 tons of 
coal is to be erected. 

Low-Temperature Carbonisation of Coal and the Fischer-Tropsch 
Synthesis. F. Miiller. (Technische Mitteilungen Krupp, 
Technische Berichte, 1938, vol. 6, July, pp. 47-49). The author 
discusses the application of the Fischer-Tropsch synthesis process to 
the low-temperature carbonisation of coal in order to increase 
Germany’s supply of home-produced petrol. 

The Removal of Naphthalene from the Gases of a Benzol Washing 
Plant. K. Briiggeman. (Technische Mitteilungen Krupp, Tech- 
nische Berichte, 1938, vol. 6, July, pp. 64-70). A small distillation 
plant which was connected to the benzol—wash-oil circulation line 
at one of Messrs. Krupp’s coke-oven batteries is described. The 
process is as follows : The oil containing naphthalene passes into a 
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distillation vessel, from which it distils slowly. The vapours pass 
through a rectifying column to a dephlegmator and are separated 
by precipitation of the higher boiling-point fractions. The products 
pass through a cooler and over a series of collecting tanks, the first 
of which collects the condensate containing heavy benzol, the 
remainder collecting the napthalene. The working of this plant is 
discussed and the author declares that under normal conditions the 
degree of naphthalene removal achieved is such that the end-gas of 
the benzol plant does not contain more than 5 g. of naphthalene per 
100 cu.m. The process has later been applied to two more of Messrs. 
Krupp’s benzol plants and is giving satisfaction. 

The Removal of Naphthalene from Coke-Oven Gas Containing 
Sulphuretted Hydrogen. W. Oppelt. (Gliickauf, 1938, vol. 74, 
June 11, pp. 503-507). The author describes an experimental plant 
through which 1 cu. m. per hr. of gas containing sulphuretted 
hydrogen was passed at a pressure of 3 atm. in order to ascertain 
whether the tetralene saturation process could be used for the 
removal of naphthalene. The process was considered a success, 
for the data obtained showed that while passing 700 cu. m. of the 
gas at N.T.P. for every kilogramme of tetralene in the saturation 
tank the naphthalene recovered was about 27% by weight. The 
naphthalene is recovered from the solution formed by distillation in 
a vacuum. 

Sulphuric Acid Recovery by the Lurgi Process at the Hannover 
I/II Coke-Ovens. T. Weber. (Technische Mitteilungen Krupp, 
Technische Berichte, 1938, vol. 6, July, pp. 74-75). A brief descrip- 
tion is given of the process and plant used for recovering sulphuric 
acid by the wet catalyst process. Some production and cost data 
are given and compared with those obtained on an older plant 
designed by W. Demann for Dr. C. Otto and Company. 

The Production of Sulphuric Acid and Sulphuretted Hydrogen at 
Coke-Ovens and Chemical Works. H. A. Beyer. (Zeitschrift des 
Vereines deutscher Ingenieure, 1938, vol. 82, June 25, pp. 777-778). 
A process is described and illustrated by which the sulphuretted 
hydrogen coming from the ammonium sulphate saturator is con- 
verted into sulphuric acid. The gas is mixed with air and burnt to 
form sulphur dioxide and steam, which then pass through a reaction 
vessel containing a vanadium catalyst. In this the dioxide is 
oxidised to form the trioxide, the reaction taking place at about 
400° C. The sulphur trioxide is subsequently condensed to form 
sulphuric acid. 

Experiments on Toluol Synthesis from Benzol and Carbon 
Monoxide. W. Demann, E. Krebs and H. Borchers. (Technische 
Mitteilungen Krupp, Technische Berichte, 1938, vol. 6, July, pp. 
59-63). A laboratory method is described by which benzaldehyde 
can be produced from benzol, carbon monoxide and aluminium 
chloride. The benzaldehyde is then hydrogenated in the presence 
of a catalyst to form toluol. 
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The Production of Ammonium Sulphate by Utilising the Gas 
Sulphur. W. Klempt. (Zeitschrift des Vereines deutscher 
Ingenieure, 1938, vol. 82, July 30, pp. 909-910). A description 
is given of the wet iron-hydroxide/sulphur-dioxide process of 
ammonium sulphate recovery. 

The Determination of the Quantity of Tar Fog in Gases by the 
Zwieg and Mees Process. (Gliickauf, 1938, vol. 74, July 23, pp. 
634-635). A brief description is given of an apparatus for removing 
and determining the quantity of tar fog which is contained in the 
gases that pass from the tar washers and separators to the ammonia 
washers of a coal-distillation plant. 

Blast-Furnace-Gas Cleaning Plant. (Iron and Coal Trades 
Review, 1938, vol. 137, July 8, pp. 58). The gas-cleaning plant 
recently put in operation at the Govan ironworks of William Dixon 
Limited, Glasgow, is described. This wet-cleaning system has a 
capacity of 3 million cu. ft. per hr. The plant comprises a Whessoe 
pre-cooler followed by three Whessoe-Zschocke 1-5 million cu. ft. 
per hr. disintegrators with their accompanying spray separators. 

The Utilisation of Coal with Particular Reference to the Production 
of Oil. C. Legrand and M.Simonovitch. (Publications de |’ Associa- 
tion des Ingenieurs de l’Ecole des Mines de Mons, 1937: Fuel in 
Science and Practice, 1938, vol. 17, May, pp. 145-160). A continua- 
tion of a previous article (see p. 4.4). In the present chapter of 
this series the authors review the history of attempts to convert coal 
into liquid hydrocarbons, and give a detailed description of the coal- 
hydrogenation plant at Billingham-on-Tees. 

Technique of Burning Fuel Oil and Natural Gas. F. G. Philo. 
(Mechanical Engineering, 1938, vol. 60, Apr., pp. 315-320). The 
author describes the burner installations of the boilers at the 415,000- 
kW. electric power station of the Southern California Edison Com- 
pany, Limited. The stages by which the pressure of the natural gas 
is reduced from 400 lb. per sq. in. in the field to 9 lb. per sq. in. at the 
burner are described. Full analyses and combustion properties of 
both fuels, and details of the pipe-lines, burners and atomisers are 
also given. 
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Reducing the Cost of Blast-Furnace Charges by the Use of Green 
Slag Agglomerated with Flue Dust. N. Kaystro. (Stal, 1937, 
No. 10, pp. 9-14). (In Russian). The object of the investigation 
carried out by the author on an industrial scale was the production of 
non-crumbling slag which could be used as a partial substitute for 
manganese ore. It was found that the slag could be rendered non- 
crumbling by the addition to it of a sufficient quantity of flue dust. 
This addition was effected mechanically during the process of tapping 
the slag from the furnace into the slag ladle. The amount of flue 
dust added was such as to cause immediate solidification of the slag 
in the ladle. A ratio by weight of green slag to flue dust equal to 2 
was found to be suitable. This gave an iron content in the slag of 
18-19%, the manganese content being 11-13%. In order to enable 
the solidified slag to be tipped out of the bucket the latter was given 
a milk-of-lime wash. Detailed results are given regarding the 
chemical composition and the physical and mechanical properties of 
the slags containing flue dust obtained in the course of this investiga- 
tion, and a proposed industrial plant, with some reference to the 
process costs, is described. 

Distribution of Stock. J.P. Dovel. (Steel, 1938, vol. 103, July 
11, pp. 48-49). The author explains the manner in which the ore 
and coke can be charged so that the former is completely enveloped 
by the latter, the coke charge thus acting as a filter and preventing 
the escape of the fine ore as flue dust. This condition, combined 
with sufficient stock line area, reduces the flue-dust loss to a minimum. 
The periphery of the ore charge should reach the hearth and the 
bosh in its hottest zone, which is on about the same level as the 
tuyeres, but increases upwards through the bosh zone. There is 
therefore a direct relationship between the periphery of the ore 
charge and the diameter of the furnace at the tuyeres. The effects 
of the sizes of the ore and coke on the distribution within the furnace 
are also considered. 

Steel Quality. H.W. Graham and H. K. Work. (Steel, 1938, 
vol. 102, June 13, pp. 40-43). The authors discuss how the varia- 
tions of the conditions under which pig iron is made affect the quality 
of the steel produced from the iron. After dealing with the physical 
condition of the ore, limestone and coke, they proceed to an examina- 
tion of the effects which the chemical properties of the coke have 
upon the iron. It has been found that a variation in the ash content 
of the coke from 9-57% to 15-84% caused the sulphur content of the 
iron to rise from 0-030% to 0-194% in a period of only 24 hours. In 
the concluding part of the article, the authors refer to the deleterious 
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effect which a very slight increase of the sulphur content has upon 
the surface finish of rolled sheets. 

The Peripheral Distribution of Gases in the Blast-Furnace. 
H.W. Johnson. (American Iron and Steel Institute : Blast-Furnace 
and Steel Plant, 1938, vol. 26, June, pp. 590-594). This article is an 
account of the temperature and gas analysis surveys made in 1933 at 
a group of blast-furnaces at the Inland Steel Company. Four holes 
were made in the same horizontal plane about 10 ft. below the normal 
stock line and at 90° to each other. Thermocouples were inserted so 
that all four were 48 in. beyond the walls; simultaneous readings were 
taken and all couples were withdrawn 6 in. and readings again taken, 
this process being continued at 6-in. intervals. Gas samples were 
taken both at the wall and in the stock column. A series of tables 
and graphs show the readings taken and correlate the temperatures to 
the CO and CO, contents. In ideal operation all four points will be 
at the same temperature and this temperature will be such that the 
correct amount of gas is flowing along the wall in order to have the 
best possible distribution of gas along the whole radius. An 
example is taken from the figures obtained which shows the limita- 
tions of the use of inwall temperatures, for in two cases where the gas 
flow at the walls is identical, the radial distribution may be quite 
different. (See also p. 5 A). 

The Sulphur Content of Refining Slags and the Corresponding Cast 
Irons. P. Thierry. (Revue de Métallurgie, Mémoires, 1938, vol. 35, 
Apr., pp. 154-164). The author discusses the technique adopted to 
reduce the sulphur content of refined pig irons under the following 
headings: (1) Increasing the basicity of the slag to improve the work- 
ing of the blast-furnace. (2) Reducing the quantity of slag. (3) 
Reducing the quantity of sulphur in the charge by using coke with 
a very low sulphur content. (4) By not overheating the slag until 
the silicon content of the iron has been brought as low as possible. 
(5) The practice of adding manganese. (6) The addition of sodium 
carbonate to the molten iron. 

New Problems in Iron and Coke Production. H. Réchling. 
(Zeitschrift des Vereines deutscher Ingenieure, 1938, vol. 82, July 30, 
pp. 899-901). The use of low-grade ores in Germany has led to new 
methods being tried with the object of improving the production from 
them. The author describes a refining process in which the iron 
leaving the blast-furnace passed into a horizontal converter where it 
was “ blown.” There was a continuous flow of steel from the other 
end of the drum and a continuous flow of slag from an outlet near the 
iron inlet. In this test plant over 10,000 tons of iron with a high 
vanadium content have been refined and vanadic acid has been 
recovered from the slag. 

The author also briefly discusses methods of increasing the 
quantity of by-products recovered from coke-oven gas. 

The Scottish Metallurgical Industries. J.W.Donaldson. (Metal- 
lurgia, 1938, vol. 18, May, pp. 9-11). The author reviews the history 
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of the iron and steel industry in Scotland and gives the causes of the 
reduction in pig iron output from 1,414,000 tons in 1910 to 471,000 
tons in 1936. The production of wrought iron and tubes as well as 
iron and steel castings is discussed, while the non-ferrous section of 
the industry is also dealt with briefly. 

Blast Furnaces, Steel Works and Rolling Milis of Colvilles, Limited, 
Glasgow. (Iron and Coal Trades Review, 1938, vol. 136, June 24, 
pp. 1088-1090). The many changes resulting from the re-grouping 
of the various works controlled by this company are reviewed and 
some of the principal units are described in detail. 

Recent Developments in the American Iron and Steel Industry. 
C. E. Williams. (Iron and Steel Institute, Oct., 1938; this Journal, 
p- 1lP). The author presents a review of developments that have 
taken place recently in the American iron and steel industry. He 
deals with the blast-furnace, its raw materials and operation, pig 
iron, iron and steel scrap and the residual metals in the latter, open- 
hearth operation (fuel, refractories and slag control), Bessemer and 
free-machining steels, grain-size control, pit practice, mill practice 
(heavy and light products), metallic coatings, enamelling sheet, 
surface treatment and priming coats, sheet for atmospheric corrosion 
resistance, low-alloy high-yield-strength steel, alloy steels for heat 
treatment, special-purpose steels, and stainless steel. The improve- 
ments that have been attained in these various fields are briefly 
indicated. 

Biast-Furance Production in the U.S.S.R. on the Twentieth 
Anniversary of the Revolution. (Stal, 1937, No. 11, pp. 43-58). 
(In Russian). A review with statistical data of the technical and 
economic developments in Russia during the past twenty years. 

Prehistoric and Primitive Iron Smelting. E.W. Hulme. (New- 
comen Society for the Study of the History of Engineering and 
Technology, Apr., 1938: Engineering 1938, vol. 145, June 3, pp. 
637-638). The period reviewed by the author is from 4000 B.c. to 
1000 B.c. and the first part of his paper is devoted to the meteoric 
period, from which he proceeds to terrestrial man-made iron and 
then to smelting on an industrial scale. He concludes with a dis- 
cussion on early iron-making at the following places: Egypt, 
Southern Central India, the Chalybes, Persia and the Gerar forges in 
Southern Palestine. 
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(Continued from pp. 134 4-136 a) 


Investigation of Errors in the Design of Cupolas. A. Achenbach. 
(Giesserei, 1938, vol. 25, July 1, pp. 324-328). Bearing in mind the 
necessity of making the best possible use of the raw materials 
available in Germany, the author discusses the correct design of 
cupolas under the following headings : (1) Height and diameter. of 
the cupola. (2) Position of the tuyeres. (3) Section of the tuyere 
nozzle and velocity of the blast. (4) The charge. (5) The addition 
of lime. 

Cupola Fallacies are Ventilated. D. J. Reese. (Foundry, 1938, 
vol. 66, May, pp. 72-73, 146). In his discussion on various items 
which affect cupola driving the author gives particular consideration 
to the fuel burning rate. Tables show the burning rates and air 
requirements of nine cupolas from 24 in. to 72 in. in dia., and the 
relation of the blast pressure to the height of bed. Using these 
tables in conjunction with the simple equation : 

Fuel burning rate x fuel ratio X }\/P_ 
2000 i 





Melting rate = 


where P is the blast pressure in ounces, and the fuel ratio is the 
number of pounds of iron melted with 1 lb. of coke, he shows how to 
calculate the melting rate of a 72-in dia. cupola. 

Practise Close Cupola Control. M. J. Gregory. (Sixth Annual 
Joint Foundry Practice Meeting, 1938, Birmingham, Alabama : 
Foundry, 1938, vol. 66, June, pp. 38-41, 115-116; July, pp. 24-27, 
74). The plant and equipment of the Caterpillar Tractor Company, 
Peoria, Illinois, are described and numerous illustrations are given 
which include specimens of laboratory report forms actually used at 
various stages of production. This and other methods employed to 
control carefully the preparation and charging of the raw material, 
and the driving of the cupola so as to produce castings to the desired 
specification, are discussed in detail. 

The Production of Alloy Cast Iron in a General Foundry. P. A. 
Russell. (Nickel Bulletin, 1938, vol. 11, July, pp. 157-160). The 
technique to be employed in the foundry for producing iron-nickel 
alloy castings is described, the discussion covering the composition 
of the base iron, the method of introducing the nickel, the losses of 
silicon, manganese, chromium and nickel during the process and the 
methods of moulding. 

Modern Manufacture of Machine Tool Castings. J. Blakiston. 
(Institute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 59, July 7, pp. 3-7). The author surveys present-day practice 
and developments which are taking place in the production of 
machineable grey-iron castings for machine tools. After discussing 
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the physical characteristics of grey iron, he gives an account in more 
detail of the applications of three types of the metal: (1) General 
engineering cast iron made from a straight pig and scrap mixture, 
with 1% of phosphorus. (2) High-duty steel or refined iron mixture 
with medium phosphorus content. (3) Low-total-carbon alloy cast 
iron. Attention is also given to cupola and rotary furnace practice, 
furnace linings, melting gains and losses, moulding methods, fettling 
and casting design. 

Design for Malleable Castings is Important. J. H. Lansing. 
(Foundry, 1938, vol. 66, July, pp. 22-23, 71-72). The author 
discusses the beneficial results of a scheme under which an important 
motor-lorry manufacturing company sent ninety of its engineers and 
draftsmen to a malleable iron foundry where the various stages of 
casting production were demonstrated and explained to them. It 
was found that there had been lack of understanding when designing 
castings on such points as: (1) The dimensions of sections and too 
abrupt changes in section. (2) The number of cores, bosses, recesses 
and ribs necessary. (3) Failure to take advantage of the foundry- 
man’s ability to cut costs. These and other points to be observed in 
costing-design are discussed and illustrations of examples are shown. 

English and American Steel-Foundry Practice. C. J. Dadswell. 
(Institute of British Foundrymen, June, 1938: Foundry Trade 
Journal, 1938, vol. 59, July 14, pp. 29-34; July 21, pp. 48-52). 
After a visit to many American steel foundries the author was very 
impressed with the degree of specialisation to which the industry has 
been brought in that country. Proceeding from a comparison of the 
economic factors affecting the production of steel castings in the two 
countries, the author discusses American moulding technique, 
moulding sands, melting furnaces, heat-treatment methods, fettling 
and cleaning, labour conditions, and foundry research. Reference 
is made to the Electric Steel Founders’ Research Group in which a 
number of the smaller foundries have pooled their resources, and the 
author considers that the high standard of the finished products of 
the members is convincing evidence of their wisdom in supporting 
this research group during the depression period. 

Steel-Foundry Practice Requires Planning. W. J. Corbett. 
(Foundry, 1938, vol. 66, June, pp. 36-37, 110-112). The author 
discusses steel-foundry practice and shows how a study of the 
procedure to be adopted will result in a saving to the foundry and 
will ensure that the customer will receive the finished article exactly 
to his requirements. The foundryman can often suggest changes in 
the design of a casting which would result in the customer getting a 
more satisfactory article. In particular, allowances for shrinkage 
and for the use of mould wash, the removal of risers, the use of chills, 
and venting are discussed. 

The Thermoloys Process for the Manufacture of Steel Castings. 
(Engineering, 1938, vol. 146, July 22, pp. 110-111). A brief descrip- 
tion is given of a method developed by Thermoloys, Limited, for 
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producing steel either in ingot form or as castings. The process is 
based on the Goldschmidt reaction in which a mixture of aluminium 
and an oxide of iron such as mill scale is used. In the new process 
the aluminium may be replaced by a special reducing agent in the 
form of fairly coarse powder mixed with suitable iron ore or mill scale 
to which is added suitable steel scrap. Calculated quantities of 
certain powders comprising 2 to 5% of the total weight are added to 
produce the desired percentages of silicon and carbon in the finished 
steel. Satisfactory demonstrations of the process have been made in 
a crucible of 200 lb. capacity. The rapidity and simplicity of 
operation, entire independence of external sources of power and heat, 
and low capital cost of equipment are obvious advantages of this 
process. 

The Gating of Castings. E. M. H. Lips and H. A. Nipper. 
(Giesserei, 1938, vol. 25, June 3, pp. 265-273). In the opinion of the 
authors foundry technique has reached a stage of development at 
which it should be possible to lay down procedures with regard to 
gating which will bring about certain desired results in the casting. 
In this article they discuss the fundamental requirements of the gates 
and runners and their design in relation to the time required for 
teeming, the weight of the casting, the velocity of the metal and the 
removal of slag. They also show that the hydrodynamic laws should 
be applied to mould design. 

The Control of Sand-Drying Plant in the Foundry. R. Liebetanz. 
(Giesserei, 1938, vol. 25, July 1, pp. 328-329). The author is of the 
opinion that greater attention should be paid to the control of the 
temperature of the hot gases entering the sand drier, and he shows 
the effect of running the plant at various temperatures on the coal 
consumption. A means of control based on the percentage of carbon 
dioxide in the gas leaving the drier is also discussed. 

Some Aspects of Heavy Castings. E. Longden. (Institute of 
British Foundrymen : Iron and Steel Industry, 1938, vol. 11, May, 
pp. 321-325; June, pp. 487-493; Aug., pp. 517-518). The author 
describes in the first part of a series of articles the moulding for the 
casting of a 17-ton caustic pot and a 21-ton gun tube boring machine 
spindle in grey iron. As well as giving details of the foundry 
technique employed, particular attention is paid to the cost of 
special and general moulding tackle. In Part II. the difficulties 
encountered in casting a 50-ton hammer block are dealt with and the 
need of close co-operation between the designer and the foundryman 
is stressed. Contraction and distortion are discussed in relation to 
the failure of castings in general and a particular example is quoted 
of a failure in a planing-machine table casting weighing 35 tons. In 
Part III., which concludes the series, the author discusses the effects 
which alloying elements have on the carbon and carbides in the base 
metal and on its rate of solidification. 

Stove Plate Castings. T. D. Barnes. (Canadian Metals and 
Metallurgical Industries, 1938, vol. 1, Apr., pp. 117-119). The 
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author outlines the characteristics of moulding sand such as moisture, 
permeability, strength, fineness, refractoriness and durability, and 
discusses how these affect the quality of stove-plate castings. He 
declares that the quality of the sand can be easily controlled with 
simple equipment and by standardised methods, and that this will 
practically eliminate all defects which can be traced to the sand. 

Iron Pipes Cast by the Centrifugal Process for the Petroleum 
Industry. P. Boissou. (Génie Civil, 1938, vol. 112, June 18, pp. 
516-517). It has been found that pipes cast by the centrifugal pro- 
cess are very suitable for the petroleum industry, partly because 
of their excellent mechanical properties and the resistance of the 
metal to corrosion. In this article the author discusses the process of 
manufacture and compares the properties of the metal with those of 
steel. 
The Centrifugal Casting of Billets for Seamless Steel Tubes. 
I. Pozdyshev, K. Tsvetnenko and B. Furs. (Stal, 1938, No. 1, 
pp. 44-52). (In Russian). The centrifugal casting of seamless steel 
tube billets offers a number of advantages. The authors describe 
experiments on the industrial scale on the production by this method 
of plain carbon and heat-resisting steel tubes. A centrifugal casting 
machine, designed and constructed in Russia, was used for these 
experiments. Full details of steel compostion, casting temperatures, 
and other conditions of casting, method of rolling and the mechanical 
properties and microstructure of both the billets and the rolled tubes 
are given. Under suitable conditions, the results obtained were 
very satisfactory. 

The Grey-Iron Foundry of Messrs. Ruston and Hornsby, Limited. 
(Engineering, 1938, vol. 145, June 3, pp. 622-624; June 10, pp. 
661-662 : Iron and Coal Trades Review, 1938, vol. 136, June 3, pp. 
963-967). See p. 136 a. 

The Parkinson Stove Company’s Mechanised Foundry. (Foundry 
Trade Journal, 1938, vol. 59, July 14, pp. 23-25). A description is 
given of a completely mechanised repetition plant for the production 
of light castings for gas appliances which was put into operation in 
1937. There are two cupolas with an output of 4 tons per hour. 
Particular attention has been paid to the conveyor systems for 
moving the mould boxes and the sand. These consist of two separate 
pendulum conveyors, one returning the larger boxes and the other 
for the boxes to be returned to the smaller machines. Among the 
many interesting features described, attention is drawn to the 
provision of a grid feeding on to the main return-sand belt, so that 
ordinary foundry sand can pass through the system. ] 

Mechanised Foundry of R. A. Lister and Company, Limited. 
(Engineering, 1938, vol. 145, Apr. 29, pp. 483-484). An account is 
given of the new building and plant at this foundry at Dursley. 
Mechanisation has been extensively introduced and the plant is 
designed for the continuous production of all iron castings required 
by the company’s engine works at the rate of about 100 tons per day. 
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Small General Electric Company’s Foundry Double Output with 
New Equipment. F.A. Maurer. (Iron Age, 1938, vol. 141, June 16, 
pp. 38-42). The author gives a description of the layout and 
equipment at the works at Bridgeport, Connecticut, where castings 
for electric household equipment are produced. The principal items 
of the new equipment are two twin 42-in. cupolas, a cupola charger, 
an airless steel abrasive machine for cleaning castings, new moulding 
machines, and a complete sand-handling system including a magnetic 
separator, sand-mixing mill, conveyor belts and storage bins. 

Accidents in the Foundry. H.Kalpers. (Giesserei, 1938, vol. 25, 
June 17, pp. 306-311). The author discusses accidents due to burns, 
carbon monoxide poisoning, and those likely to occur when using 
moulding and polishing machinery and the various means adopted in 
German foundries for their prevention. 
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The New Steel Plant of the Mysore Iron and Steel Works, 
Bhadravati, India. D. V. Krishna Rao. (Iron and Steel Insti- 
tute, Oct., 1938; this Journal, p. 163P). The paper gives a 
brief account of the above plant in India. After describing 
briefiy the fuel, iron ore and other materials required for the 
manufacture of pig iron, the salient features of the construction 
and operation of the blast-furnace are dealt with. The new 
small basic open-hearth furnace is then described in great detail. 
The principal constructional features, the leading dimensions of the 
furnace, and the various improvements effected in the refractory 
lining are given. Full details of the producer-gas plant, valves, ladles 
and ingot moulds are also furnished. Steelmaking practice is then 
described, and emphasis is laid on the very short interval between 
the tapping of a heat and the commencement of the next charge, 
this feature being mainly responsible for obtaining 28-31 heats per 
week. The method of teeming rimming and killed steels is described 
in detail. The special procedure adopted when teeming killed steels 
is claimed to give very sound ingots and results in a very small 
percentage of rejections at the mills. The extent of the major 
repairs after a campaign and the approximate quantities of materials, 
including the various refractories, are furnished. A brief description 
of the reheating furnace and the rolling mills attached to the steel 
plant, together with the principal operating features and the extent 
of the rolling programme, completes the paper. 

Some Recent Developments in the Iron and Steel Industry in 
Britain. A. McCance and T.W. Hand. (International Engineering 
Congress, Glasgow, 1938 : Metallurgia, 1938, vol. 18, July, pp. 97-98, 
102: Iron and Coal Trades Review, 1938, vol. 136, June 24, pp. 
1094-1096). Improved methods and plant are reviewed by districts. 
The Clyde Bridge Steelworks of Colvilles, Ltd., are being equipped 
so as to receive a large portion of their raw material in the form of 
molten iron. Interesting features of their heavy plate-rolling mill are 
given. The activities of the Guest Keen Baldwins Iron and Steel 
Co., Ltd., in South Wales and of Stewart and Lloyd’s, Ltd., in North- 
amptonshire are the other principal features of this review. 

History of the Steel Industry in the Chicago District. A. 
Reichmann. (Journal of the Western Society of Engineers, 1938, 
vol. 43, Feo., pp. 37-42). The Chicago district now has a producing 
capacity of about 15,000,000 tons of steel per annum, which represents 
22% of the productive capacity of the whole of the United States. 
The history of the principal steelmaking companies is reviewed. 

The Method of Treating the Metal with Acid Slag for the Pro- 
duction of Mild Non-Ageing Steel in the Open-Hearth Furnace. 
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N. Agaletskiy. (Stal, 1937, No. 10, pp. 15-19). (In Russian). A mild, 
non-ageing steel was prepared by deoxidising basic open-hearth steel 
by treating it in the ladle with a separately prepared synthetic acid 
slag of the following composition : SiO, + TiO, 58%; FeO, 6%; 
Al,0O;, 11%; CaO, 7%; MgO, 5%; P,O,, 0-5%; 8, 15%. The 
slag was melted in an electric furnace and then emulsified with the 
steel in the ladle. By this means an efficient deoxidation of the 
steel without the introduction of any residual non-metallic inclusions, 
such as occur when deoxidising with aluminium, was effected. A 
complete time-table of the open-hearth operation and details of the 
subsequent fluxing treatment are given. After the treatment the 
steel had the following composition : Carbon, 0-09°%; manganese, 
0-21%; silicon, 0-04%; phosphorus, 0-30%; copper, 0:12%. Its 
mechanical properties were : Tensile strength, 23-1 tons per sq. in. ; 
yield point, 16-7 tons per sq. in.; elongation, 32-8%. Its impact 
strength was found to be reduced as a result of artificial ageing 
(stretching by 12% and subsequent heating at 250° C. for 2 hr.) by 
only 39%, as compared with 57% for ordinary open-hearth steel 
treated in the same way. The grain size of the steel was 6-7 on the 
AS.T.M. scale. 

“ Tailor-Made ’’ Steels. T. Grey-Davies. (Sheet Metal Indus- 
tries, 1938, vol. 12, May, pp. 521-524; June, pp. 643-645, 650; 
July, pp. 763-766 ; Aug., pp. 877-880). In the first article of this 
series (see p. 9 A) the author shows how the mishandling of the open- 
hearth furnace during any stage of the operations may have ill effects 
on both the furnace and the product. In Part II. he deals with 
certain fundamental features that must be understood if efficiency is 
to be achieved. In Part III. he describes open-hearth-furnace port 
construction. In Part IV. the economics of steelmaking are discussed 
and in Part V. the importance of the size of the bath in relation to the 
efficiency of the open-hearth furnace is dealt with. 

Stainless Steel. (Steel, 1938, vol. 102, May 16, pp. 73-76). A 
series of ten photographs with brief descriptive text illustrate some 
of the features of the production of stainless steel ingots, bars and 
wire at the new plant of the Rustless Iron and Steel Corporation, 
Baltimore. 

The Development of the Open-Hearth Steelmaking Processes in 
Recent Years in the United States of America. L. F. Reinartz. (Iron 
and Steel Institute, Oct., 1938 ; this Journal, p.349P). Inthe United 
States the open-hearth process has been developed to a remarkable 
degree in the last decade. The annual capacity is now over 71,000,000 
gross tons of ingots and castings. The basic open-hearth process has 
far outstripped in production its acid open-hearth or Bessemer rivals 
because of its greater flexibility from the standpoint of pig-iron 
analysis requirements, and because the basic process can use great 
varieties of iron and steel scrap. The manufacturer who purchases 
steel for fabricating into various forms and the metallurgist who is 
constantly trying to improve the quality of steel products have 
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challenged the steel-plant operator to make higher quality steels at 
continually decreasing costs. A distinct improvement in practice 
has resulted. It has come about because of the work of many men 
in the office, laboratories and before the melting furnaces. Better 
performance has followed three definite and distinct lines : 


(1) The quality of the personnel in the open-hearth shops has 
been improved. Managements of steel plants have spent time 
and effort to train these men to be cost- and quality-minded. 

(2) Mechanical improvements have been made by enlarging 
existing furnaces to the limit, building new modern units, and 
adding labour-saving devices and equipment to speed up charg- 
ing the furnaces as well as tapping the heats. Insulation of 
open-hearth furnaces from top to bottom has aided in fuel cost 
reduction. Furnace controls have been perfected in order to 
improve the operations of the furnaces, reduce fuel and repair 
costs and increase the tons per hour per month. 

(3) The operating metallurgist has demanded more uniform- 
ity in the charge, and that more attention be paid to the 
selection of heavy, clean scrap for quality-steel production. 
He has given the melter certain tools which have helped him 
to gauge more accurately the quality of the steel before it is 
tapped from the furnace, and has improved the uniformity of 
the metal within a single heat, and from heat to heat. 


The need for quality steel products is constantly increasing. 
Open-hearth men in the United States are alive to their responsibility 
and opportunity. They are making an earnest effort to give the trade 
the kind of steel required for exacting demands in a modern world. 

Slag Control During the Open-Hearth Melting Process. L. Vladi- 
mirov. (Stal, 1937, No. 12, pp. 1-5). (In Russian). The author 
examines the relation between the amount of slag in the open-hearth 
furnace and its output capacity. The heat balance of the furnace 
and the time required to raise the temperature of the charge are dealt 
with, and the results obtained are used in dealing with the possibility 
of accelerating the open-hearth melting process. It is found that in 
order to speed up the process it is not sufficient merely to increase the 
rate at which heat is supplied to the furnace, but that it is necessary 
at the same time to increase the capacity of the bath for absorbing 
the heat supplied to it. This capacity is directly connected with the 
thickness of the slag covering. Calculations regarding the relation 
between the time required for the complete operation, the output 
capacity of the furnace and the thickness of the slag covering show 
that the time of melting is approximately proportional to the 
thickness of the slag covering. By adopting a suitable slag tapping 
procedure it has been found possible to reduce the time of a heat to 
4 hr. 

Further Comments on Slag Control During the Open-Hearth 
Melting Process. E. Kostyuchenko. (Stal, 1937, No. 12, pp. 6-7) 
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(In Russian). The author briefly criticises some of the conclusions 
arrived at by L. Vladimirov in his study of the effect of the slag on 
the output capacity of the open-hearth furnace (see preceding 
abstract). Vladimirov, it is pointed out, tends to exaggerate the 
importance of the thickness of the layer of slag as a controlling factor 
of the heat-absorptive capacity of the furnace charge, while over- 
looking the part played by variations in the actual amount of heat 
supplied. 

Nitrogen and Hydrogen in the Open-Hearth Furnace. C. 
Schwarz. (Iron and Coal Trades Review, 1938, vol. 137, Aug. 5, p. 
206; Aug. 12, pp. 245-246). An English translation of a paper 
which appeared in Archiv fiir das Eisenhiittenwesen, 1938, vol. 11, 
Feb., pp. 355-362. (See Journ. I. and §.I1., 1938, No. I., p. 318 4). 

Investigations on the Composition of Gases Evolved during the 
Refining Process in the Open-Hearth Furnace. B. Kalling and N. 
Rudberg. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, July, 
pp. 1-6). A German translation of a paper which appeared in 
Jernkontorets Annaler, 1938, vol. 122, No. 3, pp. 91-107. (See 
p. 139 a). 

Electric Furnaces in European Steelworks. D. F. Campbell. 
(Iron and Steel Institute, Oct., 1938; this Journal, p. 305P). 
The paper describes modern European practice in are and high- 
frequency furnaces. Electric furnaces for smelting iron ore 
are briefly discussed, and the are furnace for steelmaking is 
described in greater detail. The relative merits of the hydraulic 
and electric regulation of electrodes, fixed and removable roofs, 
various types of charging baskets, fixed and rotating hearths, 
and amorphous, graphite and Soderberg electrodes are considered, 
and the principal characteristics of several recent furnaces are 
stated. Recent methods of rapid deoxidation and refining by 
agitation of the steel with suitable slags are described. The 
development of the high-frequency furnace, from the first small 
wooden box equipments to the modern large steel structures shielded 
by iron laminations or copper, is described, and typical British and 
Continental installations are compared. The principal electrical 
features of high-frequency equipment, such as coils, condensers, 
motor-generators, protective devices and control gear, are reviewed. 
Typical modern high-frequency shops of British and Continental 
design are compared and illustrated. Finally, the possibility of 
using the heat and movement obtained by induction heating for 
refining purposes is discussed. The paper is illustrated with photo- 
graphs and drawings of recent British and Continental installations. 

American Electric-Furnace Practice. W. M. Farnsworth and 
E.R. Johnson. (Iron and Steel Institute, Oct., 1938; this Journal, 
p. 289 P). The authors first outline the basic electric steel furnace 
equipment at the Canton plant of the Republic Steel Corporation, 
and refer briefly to the furnace hearth construction. They then 
describe in detail the operation of the arc and low-frequency electric 
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furnaces at their works, giving attention to the raw materials used 
and the various modes of procedure in normal alloy steel practice, 
stainless steel practice, arc furnace practice (with stainless scrap 
addition) and the duplex process for making stainless steel; logs of 
furnace heats are recorded. In conclusion, the authors describe 
the tapping and pouring procedure. 

The Effect of Charge Composition and Furnace Procedure on the 
Formation of Flakes and on Non-Metallic Inclusions when Making 
Steel for Ball Bearings. A. F. Myrzymow. (Metallurg, 1938, vol. 
13, No. 1, pp. 39-44: Stahl und Eisen, 1938, vol. 58, July 14, pp. 
761-763). In an extended abstract a series of tests are described on 
samples taken from an 8-ton and a 15-ton electric furnace to study 
flake formation. It was found that in the case of remelted scrap 
flaking occurred on 26% of the rolled test-pieces, and when ores had 
been added to refine the charge the percentage was reduced to 18-6. 
The number of non-metallic inclusions was also investigated, and a 
series of graphs shows the relationship of the number of inclusions to 
the composition of the charge. 

The Production of Vanadium from German Raw Materials. H. 
Zieler. (Stahl und Eisen, 1938, vol. 58, July 14, pp. 749-756). 
After discussing the vanadium-bearing ores available in Germany, 
the author describes the processes used to recover the vanadium with 
special reference to that of von Seth. This process can be used to 
treat the slag from either acid or basic converters, provided that a 
lumpy slag is obtained. 

Prevention of Accidents During the Transport of Ingots in Open- 
Hearth Shops. V. Mesnyaev. (Stal, 1937, No. 10, pp. 19-23). 
(In Russian). An analysis of accidents, carried out over a period of 
five years at a number of Russian steelworks, showed that 14% of 
the accidents in the open-hearth shop were connected with the 
cranes and other handling equipment and occurred particularly 
during the transportation of loads. The major part of the article is 
devoted to a description of several types of grabbing devices for the 
safe handling of ingots. 
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(Continued from p. 75 A) 


American Soaking-Pit and Reheating-Furnace Design and 
Practice. F.M. Gillies and E. D. Martin. (Iron and Steel Institute, 
Oct., 1938 ; this Journal, p.319P). Under the lash of the necessity for 
better quality of heating an accelerated activity has developed in the 
last ten years, yielding outstanding accomplishments in the design and 
practice relating to soaking pits and reheating furnaces in America. 
Varied forces have brought thisabout. Always linked with the require- 
ments of quality have been requirements of economy. Rolling-mill 
operators in America came only gradually to a realisation that the 
quality of heating influences the quality of steel both in subsequent 
rolling and asa finished product. The cost of poor quality of heating 
is demonstrated. Prevalent in America, wage payment based on the 
tonnage heated is a poor practice, while a characteristic deficiency is 
the designing of new mills with inadequate heating capacity. 
Advances in fuels, regenerators and recuperators, tightness of the 
furnace, control systems, refractories and heat-resisting alloys which 
have been made apply to both the classes of industrial furnaces 
distinguished in the title of this paper. An historical background to 
the development of soaking-pit design leads to a more detailed 
description and discussion of four distinct types, together with 
statistics compiled by the authors to give a cross-section of present 
equipment and practice in America. The development of furnaces 
for reheating is presented from older types through the advent of 
recuperators and the appreciation of a fundamental conflict in design, 
to the necessity for zoning the furnace and heating the bottom of the 
steel. This is followed by a description of the main types of modern 
reheating furnaces, of which the trend is definitely towards the 
continuous type. It is concluded that much of this development 
came from necessity caused by great progress in the manufacture of 
flat rolled products. The constantly increasing labour costs in 
America and the desire to decrease work that can be considered 
irksome combined with the other factors to cause the expenditure of 
no less than fifteen million dollars since 1934 on new equipment of 
the type described in this paper. 

Reheating Furnaces. (Steel, 1938, vol. 102, May 23, pp. 53-54). 
A description is given of three oil-fired, four-door, batch-type 
furnaces for heating steel ingots which were recently put into service 
by the Rotary Electric Steel Company, Detroit. To provide flexibil- 
ity each furnace is divided into two separately fired and controlled 
chambers. Each chamber is fired at one end by three oil burners. 
The furnace is under automatic pressure control at all times and the 
gases are made to cross the hearth at low firing rates. This method 
of control produces uniform temperature over the entire hearth. 
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Blast-Furnace Gas for Heating Ingots. A. W. Pishta. (Blast 
Furnace and Steel Plant, 1938, vol. 26, Mar., pp. 267-272). The 
author surveys the experience gained in the operation of the Amco 
pit furnaces recently installed by the Steel Company of Canada at 
their Hamilton works. When using coke-oven gas, the fuel con- 
sumption for cold steel is approximately 1,250,000 B.Th.U. per ton, 
and between 1,700,000 and 1,800,000 when using blast-furnace gas. 
The use of the lean fuel contributes to the assurance of freedom from 
washed or “‘ sweated ” ingots. To derive the full benefits of the use 
of blast-furnace gas, a revision of the heating cycles is necessary and 
these must be based on the ability of the ingot to absorb heat safely. 
The use of blast-furnace gas is not continuous and at the plant 
described it was the aim to make the change-over during week-ends 
when the finishing units were not in operation. It was found that 
the intervals between bottom-making were greater, the average being 
once in about six days. Comprehensive tables of fuel consumption 
covering several months’ operation of the pits are given. 

The Theoretical Principles of Calculations in Connection with the 
Design of Reheating Furnaces and Soaking Pits. I. Semikin. 
(Stal, 1937, No. 12, pp. 29-42). (In Russian). The rates of heating 
and cooling and the temperature distribution in ingots are considered 
mathematically. 

The Rates of Heating and Cooling a Metal. G.Moressée. (Revue 
Universelle des Mines, 1938, vol. 14, May, pp. 366-375). In this 
mathematical discussion the author explains the laws governing 
the rates of heating and cooling metals, and gives examples of their 
application in (a) the determination of the rate of cooling of a steel 
ingot, and (b) determining the time required to heat steel sheets in a 
furnace to various temperatures. 

Furnaces for Ferrous and Non-Ferrous Wire. H. M. Heyn. 
(Wire and Wire Products, 1938, vol. 13, July, pp. 339-343). In 
this paper the author describes some recent furnace developments in 
America which have accompanied other developments in the wire 
industry. A batch-type furnace heated by gas-fired radiant tubes 
is a flexible unit which can be used for spheroidising, annealing or 
normalising as desired. Continuous controlled-atmosphere furnaces, 
convection and direct-fired furnaces are also discussed. Reference 
is made to DX gas which is used for bright annealing ; this contains 
carbon dioxide 9-4%, carbon monoxide 15% and oxygen nil. A 
unit for producing this gas is described. 

Forge-Furnace Experiments. M. W. Martin and R. B. Lantz. 
(Heat Treating and Forging, 1938, vol. 24, Apr., pp. 197-200). 
The authors discuss the results of a series of tests in the forge shop 
of a large motor-car manufacturer to determine the best type of 
burner to use for the forge furnaces. It was found that neither the 
straight inspirator non-luminous flame nor the highly-luminous 
diffusion flame met the requirements of the forge shop. A com- 
bination gas-oil burner was eventually selected as most nearly 




















REHEATING FURNACES. 215 4 


approaching the combustion characteristics believed to be essential. 
This burner makes use of gas burned in combination with fuel oil, 
approximately 80% of the heat input to the furnace being supplied 
in the form of gas. 

Batch Forging Furnaces. (Steel, 1938, vol. 102, June 6, pp. 56- 
58: Industrial Heating, 1938, vol. 5, May, pp. 406-408, 445). 
Some furnaces used for heating ingots and blooms of alloy steels for 
forging and rolling are described. Such furnaces must be flexible 
enough to permit operation over a wide temperature range and to 
allow operation on heating cycles best suited to the steel in question. 
It has been found that the best results are obtained by the use of 
low-velocity burners which are characterised by the highly luminous 
flame developed, the length of the flame being readily adjusted to 
suit the individual furnace requirements. Where it is desired to vary 
the atmosphere and the air-gas ratio to suit different grades of steel, a 
variable orifice is installed in the gas line. This variable orifice is 
calibrated by using a gas-analysing instrument. 
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(Continued from pp. 76 A-77 A) 


Forging and Heat-Treating Practice is the Basis of Packard 
Quality. W. C. Kernahan. (Heat Treating and Forging, 1938, 
vol. 24, May, pp. 225-230). A description, with numerous illustra- 
tions, is given of the forging equipment and heat-treatment furnaces 
employed in the manufacture of parts for Packard motor-cars. 

Manufacture of Weldless Steel Hollow Forgings. (Engineer 
1938, vol. 165, May 6, pp. 506). A description of the new plant of 
the Chesterfield Tube Co., Ltd. (See p. 144 4). 

Cold Forging. (Steel, 1938, vol. 102, May 16, pp. 44-47). The 
application of the cold-forging process has been greatly extended 
in recent years by improvements to the machinery, and the process 
is being used increasingly for manufacturing many articles which 
cannot be finally formed by upsetting. Such products are upset or 
headed in cold-forging machines and subsequently machined. 
Advantages of the process are: Very little scrap produced, high- 
speed production, forming of surfaces free from scale and minimum 
floor space per production unit. A number of machines for the high- 
speed production of nuts, bolts, tubular rivets and steel ball blanks 
are illustrated and briefly described. 

The Production of Axles for Railway Carriages and Tenders in 
the U.S.A. I.Bardin. (Stal, 1937, No. 8, pp. 48-54). (In Russian). 
The author had visited, in 1936, the Howard Axle Works of the 
Carnegie Steel Co., the Cambria works of the Bethlehem Steel Co. 
in Johnstown and the Gary works of the Indiana Steel Co., and 
gives a description of the production processes used, comparing 
and contrasting some of the operations with Russian practice. 

Production and Heat Treatment of Die Blocks. (Iron and Steel 
Industry, 1938, vol. 11, June, pp. 499-501). A short account is 
given of the plant used by Walter Somers, Ltd., at Haywood Forge 
for the production of die blocks. The billets are heated to forg- 
ing temperature in one of two three-chamber producer-gas-fired 
furnaces. The billet is conveyed to the 800-ton forging press by a 
manipulator machine, and after forging the heat treatment is carried 
out in an oil-fired furnace provided with a charging carriage running 
on cast-iron balls. Finally the blocks are machined and tested in a 
Brinell machine 

Drop-Stamping Plant for Sheet-Metal Aircraft Parts. (Engineering, 
1938, vol. 146, July 8, pp. 52-53). A drop-stamping machine used 
at the De Havilland Aircraft Company’s works for the quantity 
production of sheet-metal parts having deep depressions with a 
double curvature is described and illustrated. The weight of the 
tup with die attached is about 14 tons; this is suspended by ropes 
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and lifted by a 374-h.p. motor through a clutch mechanism giving 
perfect control of movement. 

The Hot Pressure-Working of Cast Iron. V. Tikhovskiy and 
I. Karlinskaya. (Stal, 1937, No. 10, pp. 28-32). (In Russian). 
An extensive series of experiments was conducted on the compression, 
die-stamping and die-forging of cast iron at various temperatures. 
The iron used had the following composition : total carbon 3-71% ; 
graphite, 3-27%; silicon, 21%; manganese, 13%; phosphorus, 
0-145%; sulphur, 0-064%. The compression tests with unre- 
stricted spreading showed that although cast iron does exhibit some 
plasticity at temperatures above 600°C., deformations in excess 
of 25% could not be effected without cracking the cylindrical test- 
pieces used in the experiments. A die in the form of a truncated 
cone was used for both the hot-pressing and hot-forging experiments. 
The results obtained in the former proved unsatisfactory, excessive 
cracking of the cast iron taking place at all temperatures used 
(800-1150° C.). Encouraging results were, however, obtained in 
the tests on the die-forging of cast iron under a drop hammer. No 
cracking occurred, provided that forging was completed by one blow 
of the hammer. The optimum temperature for hammer-forging 
was found to be 1050-1060°C. Microscopic examination of the 
forgings showed that a change in the structure of the graphite and 
a change of the laminar pearlite to sorbitic pearlite had taken place. 
The hardness of the forged cast iron was 219 Brinell.. Other 
mechanical properties were not determined. 

A Survey of Recent Work on Mild Steel. H.H. Stanley. (Newport 
and District Metallurgical Society: Iron and Steel Industry, 
1938, vol. 11, Apr., pp. 273-278; June, pp. 483-486). The author 
discusses the requirements of steel sheet and strip for deep-drawing 
purposes under the headings of chemical composition and grain 
size, and describes the processing of such material to make it 
suitable for deep-drawing. The relationship between the drawing 
qualities of a metal and the stress-strain diagram are considered 
and the interpretation of the diagram is commented upon; in 
particular the stress-strain diagram for mild steel is dealt with, and 
the origin of Liiders lines discussed. The effect of the rate of applica- 
tion of tensile stress on the elongation at the yield point is discussed 
in some detail. In the concluding part of the paper consideration 
is given to the influence of cold-rolling on the stress-strain diagram, 
ageing, and oxygen as the cause of strain-ageing and quench-ageing. 
Several graphs are reproduced and attention is drawn to several 
important differences which are apparent when the time/hardness 
curves for strain- and quench-ageing are compared. These are: 
(1) Hardening begins immediately after treatment in the case of 
strain-ageing, whilst with quench-ageing there is an appreciable time 
interval. (2) In the case of strain-ageing the maximum hardness 
attained corresponds to an ageing temperature above room temper- 
ature, whereas with quench-ageing it is the lower temperatures which 
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give the maximum hardening effect. (3) The increase in hardness is 
much greater with quench-ageing than with strain-ageing. 

Deep-Drawing and Pressing Problems. J. D. Jevons. (Iron 
and Steel Industry, 1938, vol. 11, July, pp. 524-529; Aug., pp. 
569-574). See p. 764. 

Wire Manufacture. H. C. Boynton. (Steel, 1938, vol. 102, 
June 20, pp. 42-45, 72). After rapidly surveying the history of 
wire making and demonstrating that the process in its essentials is 
to-day the same as it was 500 years ago, the author discusses the 
refinements of the process now in use to ensure a flawless surface 
finish. In America carbide dies are now almost universally used. 
Another important development is the shortening of the drying 
and baking period after the wire has been pickled. By using the 
“flash baker ” it is now possible to bake wire and rods for periods 
as brief as from 20 sec. to 2 min., depending upon the amount of lime, 
the gauge and the carbon in the wire. In the “flash baker,” air at 
750° F. is forced at high pressure and velocity through the chamber in 
which the material is placed. A curtain of cold air at the top of this 
rectangular baking tank prevents loss of heat. The turbulence of 
the two air streams entering through opposite ends and meeting in 
the tank near the centre of the tube-like mass of wire or rods drives 
out in the form of steam the moisture in the limed material with 
almost explosive violence. The combination of the high temperature 
and the violent removal of the moisture carries the injurious hydrogen 
along with it. The author concludes by touching upon the use of 
coils of bare-wire electrode for continuous welding and some possible 
developments of this. 

The Function of a Wire Mill. S. A. Braley. (Wire Association 
Meeting, Pittsburgh, Apr., 1988: Wire and Wire Products, 1938, 
vol. 13, May, pp. 225-228). The author discusses points of practical 
importance in the manufacture of wire for different purposes. 
Particular reference is made to die lubrication, pickling, liming and 
baking in relation to the kind of surface-finish required. 

The Manufacture of Steel Wire and Some Related Processes. 
J. L. Schueler. (Wire and Wire Products, 1938, vol. 13, May, 
pp. 234-237). Conclusion of a previous article (see p. 764). In 
this part of his paper the author discusses the heat-treatment and 
surface-finishing processes. Among these sull coating is of particular 
interest. This consists of subjecting the wire after washing to 
a fine water spray to produce a wet rust called “sull.’”” This can be 
varied from a light coating to a very heavy brown one. This 
“sull”’ coat is a lubricant carrier and is indispensable on wire to be 
used for certain extruding operations. 

An Investigation of the Use of Back-Pull in Wire-Drawing. 
L. Simons. (Wire and Wire Products, 1938, vol. 13, May, pp. 
229-233). It has been found in the Steckel rolling mill that beneficial 
effects were obtained by applying a tension to the rear of the sheet 
while it passes through the rolls, as greater reductions in thickness 
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were possible on each pass. The author in this paper discusses the 
effects of applying this principle to wire-drawing. He describes the 
tension apparatus used and the procedure adopted on specimens of 
0-098-in. dia. steel wire containing 0-44% of carbon. These were 
drawn through a tungsten carbide die down to 0-080 in. and the 
amount of back-pull was varied from zero to 500 lb. in 50-lb. stages. 
Die pressure readings were taken and it was found that the die 
pressure decreased from 400 lb. when there was no back-pull to 
120 lb. when the maximum back-pull of 500 Ib. was reached. Oblique 
sections of specimens were prepared in order to give a greater area 
on which to make a number of hardness tests. The results showed 
that back-tension had the effect of making the hardness more 
uniform throughout the cross-section of the wire. The investigation 
also indicated a new method of qualitatively determining the stresses 
involved in wire-drawing when all equations for the evaluation of the 
stresses are admitted to be inaccurate. 
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(Continued from pp. 142 a—145 a) 


Modern Rolling-Mill Practice in America (Exclusive of Continuous 
Strip and Sheet Mills). Q. Bent. (Iron and Steel Institute, 
Oct., 1938; this Journal, p. 397P). The author describes the 
scientific steps and the methods developed for the rolling of 
steel to finished product as practised in the rolling mills of the 
United States. The paper is divided into two main parts; the 
first is a synopsis of the subject, stripped of any unnecessary 
detail, while the Appendix, forming the second part, consists 
of separate chapters, more complete in detail, for the reader who 
has more than a casual or passing interest in the subject. The 
author does not go into a great amount of detail, but some 
problems are discussed which have a general interest. Attention 
is called to the fact that the heating of steel ingots and the semi- 
finished products in the rolling operation is reduced to a definite 
science ; studies of the most adaptable types of heating furnaces 
and suitable fuels are being made constantly. Application to these 
furnaces of instruments to control the atmospheric conditions and 
temperature are now the general practice. Mention is also made that 
in recent years the development of rolling-mill machinery has been 
brought to a high degree of engineering perfection, looking towards 
a product of more uniform qualities to meet the ever-increasing 
demands of the steel consumer. Rolling mills of different designs 
are described, the type of mill best adapted in its operation for rolling 
the different classes of product being fully explained. Contributing 
largely to the recent improvements and successful operation of rolling- 
mill machinery in America has been the development of the electric 
motor and its control for driving mill stands. 

Rolling Practice in the Production of Plain Carbon and Alloy 
Steels. P. Mel’nikov. (Stal, 1938, No. 1, pp. 38-43). (In 
Russian). The choice of suitable passes and degrees of deformation 
are dealt with mathematically. 

The Cleaning and Polishing of Rolling-Mill Rolls During Rolling. 
M. Kraginskaya. (Stal, 1937, No. 10, pp. 24-27). (In Russian). 
Scale, &c., adhering to the rolls is regarded as one of the factors 
which cause the welding together of packs of thin sheet during 
rolling, this welding being the result of localised excessive pressure 
applied to the sheet. Several devices for the continuous grinding 
and polishing of rolls have been in use for some time. The latest 
and most efficient of these is considered to be the equipment designed 
and manufactured by the American firm of Stein. A detailed, 
illustrated description of this device is given. 

Pressure Lubrication of Heavy Rolling Mills. (Iron and Coal 
Trades Review, 1938, vol. 137, July 15 p. 94). An English trans- 
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lation of a paper by F. Késters which appeared in Stahl und Eisen, 
1938, vol. 58, June 16, pp. 653-654. (See p. 142 a). 

The Design and Operation of a Modern Blooming Mill. W. F. 
Cartwright. (Institution of Mechanical Engineers, Cardiff, May, 
1938 : Engineer, 1938, vol. 165, June 3, pp. 630-632 ; June 10, pp. 
658-660 ; June 17, pp. 687-690: Iron and Coal Trades Review, 
1938, vol. 136, June 3, pp. 955-957: Iron and Steel Industry, 1938, 
vol. 11, July, pp. 519-523; Aug., pp. 557-561). A full description 
with numerous drawings and photographs is given of a 40-in. 
blooming mill at the Cardiff works of Guest Keen Baldwins Iron 
and Steel Company, Limited. The required output of the mill was 
90 tons per hour of 5-in. by 5-in. blooms from 3-toningots. Actually 
the mill has easily maintained an output of 105 tons per hour. The 
main mill motor has a peak capacity of 18,800 h.p. and is of the 
single-armature reversing type. It operates at from 0 to 1470 volts 
and has a nominal continuous rating of 6650 h.p. In the first part of 
this paper the author describes the soaking pit and its control, the 
ingot chariot and the mill motor. The second part deals with the motor 
control, its coupling and drive, the manipulators, the screw-down 
and the bearings. In the third and concluding part the author 
discusses the scale removal, the roller gear, the bloom shears, the 
roll pass design and the management and control of the whole 
process. Tables show the times of individual movements and 
reductions of area. 

Bethlehem Operates New Rod Mill. C. E. Johnson. (Iron Age, 
1938, vol. 141, May 26, p. 41: Steel, 1938, vol. 102, June 20, pp. 
38-39, 66). A new rod mill at the Maryland works of the Bethlehem 
Steel Company is described and illustrated. The first fifteen stands 
of the mill are designed for the simultaneous rolling of four strands 
of rod. Maximum reduction in any pass does not exceed 35%, 
while the minimum is 9% in the last pass. A billet passes through 
all the stands in about one minute. Annealing equipment com- 
prising four radiant-tube furnaces and twelve bases with inner 
covers is also provided. 

The Development of Continuous Strip Mills. D. Eppelsheimer. 
(Iron and Steel Institute, Oct., 1938; this Journal, p. 185P). This 
paper gives a very brief historical review of the rolling of sheets as 
well as of the previous unsuccessful attempts to roll sheets in 
continuous mills. The fundamental requirements and means for the 
discovery and the subsequent application of continuous strip rolling 
are fully explained in detail. A device for autographically recording 
the variations of sheet cross-section, with magnification by electrical 
means, is described and illustrated. The development of the 
continuous sheet mill as compared with that of the Bessemer 
and open-hearth processes is illustrated. A diagram of the total 
tonnage produced by such mills compared with the production of 
sheets and black plates for tinning in the United States is shown for 
the years 1925 to 1937 inclusive. The relative productiveness of 
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these mills, having regard to the men necessary and the electrical and 
fuel energy required, is stated. Comment is made as to the control of 
this new instrumentality to prevent dislocation of labour and injury to 
the sheet trade and as to hitherto unenjoyed fields of what amounts 
to a new product in the way of more precise and uniform thickness 
of wider and larger sheets as well as improved surface and physical 
characteristics. Numerous illustrations, showing a mill designed 
by Leonardo da Vinci up to and including the more modern four- 
high mills weighing 400 tons per stand without the rolls, accompany 
the text. 

Explanation of Terms Relating to Continuous Strip Mill Equipment. 
(Sheet Metal Industries, 1938, vol. 12, May, pp. 525, 528). Ex- 
planations are given of a number of technical terms used when 
describing continuous strip rolling-mill plant. 

Bethlehem Steel Company Adds New Cold Mills. (Steel, 1938, 
vol. 103, July 4, pp. 52-54). A brief description with several 
illustrations is given of two new cold-roll reducing mills recently 
completed at the works of this company. One consists of a 4-high, 
5-stand tandem mill with two single-stand, 4-high skin pass mills. 
The other has a 5-stand tandem mill with two 2-stand skin pass 
mills. The auxiliary equipment includes two continuous picklers, 
five washers and sixteen radiant-tube annealing furnaces. Reference 
is also made to the automatic gauge-classifying equipment, which 
discards sheets the thickness of which is outside the pre-determined 
limits. 

Otis Steel Company Modernises Strip Mill at Cleveland. (lron 
Age, 1938, vol. 141, June 2, pp. 54-55: Steel, 1938, vol. 102, June 6, 
pp. 50-52). New equipment at this company’s works permits of 
the rolling of strip up to 74 in. wide and the delivery speeds have been 
increased from 1200 to 1600 ft. per min. in the hot mill and from 
300 to 600 ft. per min. in the cold mill. Brief particulars of the 
power plant, drive, layout and accessory equipment are given. 

A New Universal Rolling-Mill. (Stahl und Eisen, 1938, vol. 58, 
July 14, p. 761). A brief description of a new German rolling-mill 
is given which can be used for the production of strip up to 650 mm. 
wide, for universal plates for bridges or for the early stages of rolling 
very wide strip. 

Rolling-Mill Design and Construction. (Metallurgia, 1938, vol. 
18, July, pp. 81-83: Engineering, 1938, vol. 146, July 1, pp. 19- 
20: Iron and Coal Trades Review, 1938, vol. 137, July 1, pp. 
5-6: Iron and Steel Industry, 1938, vol. 11, Aug., pp. 553-555). 
A description is given of an 8-in. double duo mill, comprising five 
stands of roll housings, all carried on a continuous bedplate, and two 
stands of change roll housings with individual bedplates. The 
power is supplied by a 500-h.p. variable-speed D.C. motor coupled 
through a Wellman Bibby Flexible Coupling. 

The Manufacture of Seamless Steel Pipe in the Plants of the 
National Tube Company. E. C. Wright and 8S. Findlater. (Iron 
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and Steel Institute, Oct., 1938; this Journal, p. 109P). This paper 
contains a short history of the National Tube Company, a subsidiary 
of the United States Steel Corporation, with particular reference to 
the growth of the seamless tube process, which now represents 60% of 
the company’s production. The history of the development of the 
seamless process for making pipe and the steps in the manufacture of 
seamless pipe from iron ore to the finished product are recounted, 
with a detailed description of the operations involved in making 
the seamless tube from solid sections. 

Seamless Tube Mill Modernisation at Youngstown. D. R. 
James. (Iron Age, 1938, vol. 141, Apr. 28, pp. 26-29). An 
account is given of the seamless tube mill recently installed by the 
Youngstown Sheet and Tube Co., Youngstown, Ohio. 

Steel and Tubes Expedite Conduit Production. (Iron Age, 1938, 
vol. 141, Apr. 21, pp. 48-49, 73). The new cleaning, electro- 
galvanising, enamelling and baking equipment at the Brooklyn 
works of Steel and Tubes Incorporated is described. The flat strip 
is rolled into a butted tube and passed into a welding machine fitted 
with roller electrodes, after which it passes through a series of 
cleaning and pickling operations to the plating process tanks. The 
electrolytic process is used, as tests have shown that the coating 
thus produced will stand the sharp bends which are often made in 
electrical conduit. 

New Industries for Jarrow. (Iron and Coal Trades Review, 
1938, vol. 136, May 27, pp. 915-917: Iron and Steel Industry, 1938, 
vol. 11, July, pp. 505-510). A description is given with illustrations 
of the works of Jarrow Metal Industries, Limited, and Jarrow Tube 
Works, Limited, both of which occupy a portion of the site of 
Palmer’s Works. The former is a foundry for the production of light 
and heavy steel castings, for the casting of billets for the tube works 
and for the manufacture of special alloy rolls. The plant at the 
tube works includes a Gibbons continuous furnace fired with 
pulverised fuel, an electrically driven piercer, two Pilger mills driven 
by a 530-h.p. motor, a reducing mill and cold-drawing equipment. 

Tube Production on the Anniversary of the Revolution. (Stal, 
1937, No. 11, pp. 92-99). (In Russian). A statistical review of the 
Russian iron and steel tube industry and its development during 
the past twenty years. 

Electrification of the Cogging Mill at the Works of the Shelton 
Iron, Steel and Coal Company, Limited. (Iron and Coal Trades 
Review, 1938, vol. 136, June 24, pp. 1083-1086). The electrical 
equipment described in this article replaces the steam engine which 
formerly supplied power for the 354-in. dia. rolls of the cogging mill. 
The new mill motor has a normal rating of 3,800 h.p. and a frequent 
peak rating of 11,400 h.p. The slow or full field speed is 62 r.p.m., 
and the maximum or weak field speed is 160 r.p.m. Special attention 
has been given to the mill motor control and the measures adopted 
to obtain rapid reversal and acceleration are here described. 
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Roll Heating. T. R. Matthews. (Steel, 1938, vol. 102, Apr. 4, 
pp. 64-66). The author describes a gas-fired roll heater designed 
to reduce the cost of heating up the rolls of sheet mills. It consists 
of a series of high-chromium-alloy tubes in a supporting frame which 
is clamped round a pair of rolls. The fuel mixture is supplied by a 
carburettor which automatically maintains correct rates of air and 
gas supply regardless of variations in the load. A table shows the 
comparative costs of heating by this method and by electric 
resistance in the case of a roll 30 in. in diameter and 48 in. long. 

This Plate-Straightening Machine Removes the Effect of Severe 
Deformation. (Sheet Metal Industries, 1938, vol. 12, July, pp. 767). 
A description is given of a plate-straightening machine recently 
installed at the Park Gate Iron and Steel Company’s works. It is 
equipped with seven rolls and will take plates up to 1} in. thick and 
up to 12 ft. long. 

Direct Rolling. F. A. Fox. (Machinery, 1938, vol. 52, June 9, 
pp. 290-291). The author reviews experiments which have been 
made in the production of brass and steel strip and plate by direct 
rolling from the molten metal without intermediate solidification. 
An experimental plant used to produce steel plate 0-3 in. thick 
consisted of two semi-cylinders 6ft. 8in.india. These were of copper 
4 in. thick and were water-cooled internally. The rolls were 
mounted side by side. A controlled quantity of molten steel was 
poured between the rolls, at the ends of which there were retaining 
cheeks of refractory material. The process was intermittent in 
action and produced one plate at each downward movement of the 
semi-cylinders. The height of the liquid column was 2 ft. 8 in. 
For such plates, 20 in. wide, the production rate was about 100 tons 
per hour. The author believes the time is not far distant when the 
direct rolling of steel on a large scale will be an accomplished fact. 
The plant which he envisages would operate as follows: The steel 
strip in continuous form would emerge from the rolls and pass at 
once into a chamber containing reducing gases. From this it would, 
while still hot, traverse the finishing rolls, which would be of normal 
design. Then it would pass through a continuous furnace to normalise 
its structure, and thence into a pickling tank, washing tank, through 
cold-straightening rolls to the shears. The cut pieces of strip 
would then be ready for pressing, forming or other manufacturing 


processes. 
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The Automatic Temperature- and Pressure-Regulation of a 
Heat-Treatment Furnace. M. Javelle. (Métaux et Corrosion, 1938, 
vol. 13, May, pp. 94-98). The author describes two automatic 
devices fitted to an old furnace to which the coal was fed by an 
Archimedean screw. In this furnace both the air blower and the 
Archimedean screw were driven by the same motor. A thermo- 
couple was inserted in the furnace laboratory and this was connected 
through a relay in such a manner that a variation in temperature 
automatically varied a resistance in the circuit supplying the motor, 
thus varying its speed. Automatic pressure control was effected by 
a suspended metal blade which normally closed a small orifice in the 
back of the combustion chamber. When the pressure rose the leaf 
was blown back sufficiently to make two contacts on one end of a 
rocker-arm and to break two on the other end. These contacts 
operated an electric motor which raised or lowered a plate across the 
path of the hot gases, thus maintaining an even pressure in the fur- 
nace. The special construction of the plate to resist deformation 
and the corrosive attack of the gases is described. 

A Review of Some Fundamentals of Carburising. M. A. Gross- 
mann. (‘Transactions of the American Society for Metals, 1938, 
vol. 26, June, pp. 427-438). The fundamentals of carburising here 
reviewed are the equilibria at the surface of the piece of steel and 
the rate of subsequent diffusion of the carbon from the surface to the 
interior. Pack carburising and gas carburising are both considered 
as gas-carburising processes, the gas used in the former being a 
mixture of carbon monoxide and carbon dioxide. The equilibria 
at various temperatures and with various gas mixtures are discussed 
on the basis of the best available data. The depth of the case is 
considered in relation to the carbon content at the surface and to the 
rates of diffusion within the steel. Reference is also made to the 
behaviour of other elements, namely, oxygen, nitrogen and hydrogen, 
during carburisation. 

Carburising Ring Gears. T. A. Frischman. (Steel, 1938, vol. 
102, May 23, pp. 49, 61-62). In this article the author gives an 
account of the carburising of ring gears for the motor-car industry 
and describes the equipment used by the Eaton Manufacturing 
Company, Cleveland, Ohio, which consists of a continuous gas- 
carburising furnace, muffle, gas generating unit, trays, pusher 
mechanism and control instruments. 

Modern Facilities Produce Tough Axles and Assemblies. W. C. 
Kernahan. (Heat Treating and Forging, 1938, vol. 24, Apr., pp. 
169-173). A description is given of the modern plant of the Timken- 
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Detroit Axle Company, Detroit with special reference to the con- 
tinuous gas-fired carburising furnaces. 

Hardening Gear-Teeth by Oxy-Acetylene Flame. (Engineering, 
1938, vol. 145, May 27, pp. 590-592). A machine for hardening 
the teeth of large gears is described and illustrated. The process 
consists of local heating by means of an oxy-acetylene burner, 
followed by immediate quenching by a water-jet. On completion 
of one tooth, the gear is rotated on its bearings to bring the next tooth 
into position. This machine is at the works of the Farrel-Birming- 
ham Company, Incorporated, Buffalo, New York. 

An Installation for the Heat Treatment of Aircraft Parts. H. 
Mansfield. (Industrial Heating, 1938, vol. 5, June, pp. 491-494, 
548). The author describes the heat-treatment plant recently 
installed by the Boeing Aircraft Company, Seattle. This equipment 
includes two electric furnaces, one for hardening and the other for 
drawing; an atmosphere controller for the former; two Hoskins 
electric furnaces; three Eclipse gas-fired pot furnaces; a large 
and a small oil-quenching bath; a water-quenching tank; a gas 
muffle furnace ; a large cleaning tank ; a power distribution panel ; 
and a complete control panel. 

Heat Treatment and Manipulation of 18-8 Stainless Steels. 
L. Sanderson. (Metallurgia, 1938, vol. 18, May, pp. 11-12). Stain- 
less steel of the 18/8 type is invariably softened to facilitate working, 
and in this article a satisfactory method is given for removing the 
scale resulting from the softening process. The object is immersed 
in a hot solution composed of commercial hydrochloric acid and 
water in equal parts together with commercial nitric acid to the 
extent of about 5°% of the total volume, and a restrainer to the extent 
of about 2% of the total volume. The soldering and brazing of this 
alloy is also discussed. 

The Heat Treatment of Wire and Wire Products. (Wire Industry, 
1938, vol. 5, Apr., p. 249; May, pp. 293-294; June, pp. 363-364 ; 
July, pp. 421-425). The continuation of a series of articles de- 
scribing modern processes for the heat treatment of wire and wire 
products. These four instalments describe modern turbulent gas 
burners, a new system of recuperative bright-annealing, annealing in 
pulverised-fuel-fired furnaces and gas-fired wire-patenting furnaces. 
(See Journ. I. and S8.I., 1937, No. II., p. 20.4, and this volume, 
p. 19 a). 

Novel Spring Heaters. J. B. Nealey. (Steel, 1938, vol. 102, 
April 4, pp. 71-72: Heat Treating and Forging, 1938, vol. 24, May, 
pp. 251-253). Some features of the heat-treatment furnaces used 
by the General Motors Corporation in the production of springs are 
described. The furnaces used include twin slot-type furnaces on a 
common base so as to face each other, as well as the walking-beam 
and the mechanical pusher types. Automatic temperature control 
by recording potentiometers actuating motor-driven valves is 
employed on all the furnaces. 
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Furnace Atmospheres. A. A. Robertson. (Australasian Engineer, 
1938, vol. 38, May 7, pp. 19-22, 61-63). The author discusses the 
composition of furnace atmospheres used for the heat treatment of 
metals. He enumerates the effects of the presence of oxygen, 
carbon monoxide, carbon dioxide, hydrogen, methane and water 
vapour. A number of graphs are shown in which the percentage 
ratios of carbon dioxide to carbon monoxide, water vapour to 
hydrogen and methane to hydrogen are plotted against temperature, 
the curves indicating the conditions under which the atmosphere is 
neutral. In the concluding part of the paper the relative costs of 
the commonly used gases are considered. 

Controlled-Atmosphere Electric Furnaces. KE. B. Hauser. (Iron 
Age, 1938, vol. 141, June 30, pp. 34-85). A brief description is 
given of some electric anealing furnaces for the treatment of high- 
speed steel. The “certain curtain” control with which these 
furnaces are equipped consists essentially of the use of a controllable 
mixture of pre-combusted gases. Natural gas and air are fed in 
controlled amounts to a burner in a combustion chamber which is 
separated from the work chaimber of the furnace except for a slot 
extending the full width of the door. The products of combustion 
are forced through this slot, forming a transparent curtain across the 
door opening, thereby excluding the outside air and filling the work 
chamber with the atmosphere of pre-combusted gases. 

Novel Gas Furnace Improves Bright-Annealing. J. B. Nealey. 
(Wire and Wire Products, 1938, vol. 13, July, pp. 360-361, 379). 
An American furnace for the annealing of very fine Fourdrinier wire 
is described. The furnace is 18 ft. long with a heating chamber 
25 in. wide and 14 in. high. It is surrounded by 9 in. of refractory 
material and is held within a steel shell. It will hold up to 120 
lengths of ordinary iron pipe and a single strand of wire passes through 
each. Heat is supplied by 52 gas burners which underfire the 
hearth. These burners are manifolded in three groups so that 
the furnace has three separately controllable temperature zones. 
Another feature of this furnace is that its construction embodies a 
series of U-shaped trays. These have tapering tunnels which 
intensify the entrainment of the furnace atmosphere with the 
newly burned gases, reducing the temperature in this combustion 
chamber, and this prevents burned firing chambers and burner 
ports. 

Annealing Fine Wire in Britain. F. A. Westbrook. (Iron Age, 
1938, vol. 141, May 26, pp. 50-51). A description is given of the 
Lavite annealing unit installed at the Bradford works of John 
Rigby and Sons. In this process the annealing is accomplished by 
immersing the coils of wire in a bath of molten salts, heated by the 
passage of an electric current through the salts. The high thermal 
efficiency and the facility with which the power can be turned on 
and off ensure low overall operating costs. In a dip tank containing 
water the salt carried by the wire on leaving the salt bath is dissolved 
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off. The liquor thus formed is run into an evaporator where the 
salt is recovered and returned to the salt bath. 

The Annealing of Steels and the Control of Automatic Furnaces. 
M. Bouffart. (Revue Universelle des Mines, 1938, vol. 14, July, pp. 
619-630). In the first part of this article the author examines and 
compares the old annealing technique with the new. In the second 
part he discusses the use of electric furnaces for annealing and shows 
that it is necessary to control the initial heating stage as well as the 
subsequent continuous heating. The method of controlling anneal- 
ing using the automatic “ Hump-Vapocarb ” furnace is also described. 

The Reactions between Iron and the Gas in an Annealing 
Furnace. W. Heiligenstaedt. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, July, pp. 17-24). When iron is annealed in gases 
which contain or give off oxygen it either burns or is discoloured. 
The author gives a detailed account of the reactions which cause 
this and the effects of varying the temperature and composition of 
the gas. The most important factors are the equilibrium condition 
existing between the oxygen or the oxygen-carrying gas and the 
surface of the metal, and the diffusion of the iron in the oxide layer 
on its surface. The diffusion is not an important factor in the 
discoloration. The equilibrium conditions, the reactions between 
the gases forming the mixture and the effect of the changes in the 
composition of the gas mixture on the charge are studied, the use of 
partially burnt coke-oven gas being taken as an example. The 
composition of protective gases made from coke-oven gas to be 
used for bright-annealing and the effect of the carbon-monoxide/ 
carbon-dioxide reaction are examined. In conclusion the author 
declares that the technique of annealing is being developed by the 
use of gases which are not affected by the method of heating 
employed. 

Precipitation-Hardening in Three Steels Containing Vanadium. 
H. H. Burton and T. F. Russell. (Iron and Steel Institute, Oct., 
1938 ; this Journal, p.57P). It is shown that three steels containing 
(a) 0-265% of carbon, 0-58% of molybdenum and 0-30% of vanadium, 
(b) 0-195% of carbon, 0-60% of molybdenum and 0-30% of vanadium, 
and (c) 0-255% of carbon, 0-66% of chromium, 0-56% of molybdenum 
and 0:30% of vanadium, are susceptible to temper-hardening 
processes when tempered in the range about 500° to 625°C. The 
degree of hardening depends on both the time and temperature of 
tempering. Temper-hardening is accompanied by a marked fall of 
notch impact value, but the toughness is recovered when softening 
sets in owing to coalescence. From a more detailed study of the 
tensile strengths, impact values, dilatation, relative densities and 
carbide analyses on one steel it is concluded that the temper- 
hardening or “ precipitation-hardening ” is due to the precipitation 
of V,C, from supersaturated solution in «-iron—as suggested, but 
not proved, by Houdremont, Bennek and Schrader—and probably 
to some extent by the precipitation of Fe,C. 
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Factors in the Selection of Tempering Furnaces. L. A. Lindberg. 
(Metal Progress, 1938, vol. 33, May, pp. 475-479). After comparing 
the process of hardening with that of tempering, the author 
proceeds to discuss the factors which influence the choice between 
continuous or batch furnaces for tempering. 

Temperature-Gradient Studies on Tempering Reactions of 
Quenched High-Carbon Steels. C. R. Austin and B. S. Norris. 
(American Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 923; Metals Technology, 1938, vol. 5, June). 
Steels of similar chemical composition may behave very differently 
when heat-treated under strictly comparable conditions, but 
observations in the past have related to differences in hardening 
on quenching. The work of the present authors clearly reveals 
that these differences may extend to the behaviour on tempering 
the quenched steels, and to what may be termed the “rate of 
tempering,” and they have accordingly made a point of presenting 
data in this paper on the following points: (1) Definite demon- 
stration of the order of magnitude of variation in reaction to 
tempering, as revealed by hardness measurements from 450° C. 
upwards. (2) Illustration of the nature of structural changes 
accompanying the tempering operations by the use of micrography 
at maximum resolution. (3) Consideration of reaction differences 
recorded. 
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Modern Welding Practice. T. S. Glover. (Journal of the 
Society of Engineers, 1938, vol. 29, Apr._June, pp. 71-78). After 
reviewing the history of welding by the electric-arce process the author 
compares welding with riveting and goes on to describe the technique 
of electric welding by hand and by automatic machines. He 
concludes with a description of a wave-making plant at a swimming 
pool in the construction of which electric welding played an impor- 
tant part. 

A Two-Point Electric Welding Machine. (Zeitschrift des 
Vereines deutscher Ingenieure, 1938, vol. 82, July 2, p. 812). An 
electric welding machine with two pairs of electrodes is described. 
This can be more easily used for the welding of very wide plates 
than the single-point machine. 

Resistance Welding and Developments in Electrode Materials. 
P. Mabb. (Metallurgia, 1938, vol. 18, July, pp. 95-96). Some 
important points relating to the preparation of surfaces to be spot 
welded in resistance welding machines are discussed, and considera- 
tion is given to the design and maintenance of the electrodes. 

Structural Welding ProgressinGermany. O. Bondy. (Iron Age, 
1938, vol. 141, June 2, pp. 32-35, 75; June 23, pp. 32-36, 89; July 7, 
pp. 36-41). In a series of three articles the author discusses some 
of the outstanding results of large-scale research and their influence 
on welded design. Extensive practical experience was laid down 
in condensed form in the new German regulations for welded plate 
girder bridges and these are compared with the American specifica- 
tions issued in 1936. The welding of steel in buildings is discussed 
in the second part and welding in bridges in the concluding part of 
this series. 

The Sperry Rail-Welding Equipment. (Engineering, 1938, vol. 
145, June 3, pp. 617-619). The equipment developed by Sperry 
Products Incorporated, Brooklyn, for the flash-butt welding of rails 
is described and illustrated. The whole equipment is carried on a 
special train, and it includes an annealing furnace and grinding 
machinery as well as the welding machine. A discussion on the 
expansion and contraction of long lengths of steel rail concludes the 
article. 

Welding Stainless Steel. T.R. Lichtenwalter. (Steel, 1938, vol. 
102, May 16, pp. 64-65). The author refers to the difficulties 
encountered in the welding of the lighter gauges of stainless steel and 
shows how improved electrical equipment has overcome them. 
Improvements to oxy-acetylene equipment are also touched upon, 
and the author concludes by discussing the heat treatment to be 
adopted after welding stainless steels of different analyses. 
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Welding Chromium Steels. W. Spraragen and G. E. Claussen. 
(Welding Journal, 1938, vol. 17, July, Supplement, pp. 1-3). The 
authors present a review of the literature up to July 1, 1937, on the 
welding of steels containing up to 10% of chromium. 

Welding Nickel Steels. W. Spraragen and G. IE. Claussen. 
(Welding Journal, 1938, vol. 17, May, Supplement, pp. 1-17). This 
is a review of the literature up to July, 1937, prepared under the 
auspices of the Literature Division of the Engineering Foundation 
Welding Research Committee. It is divided into the following 
sections : (1) Effect of nickel in steel. (2) Mechanical properties. 
(3) Hardness. (4) General observations. (5) Metallography. (6) 
Loss of nickel in metal deposited. (7) Constituents absorbed from 
the base metal. (8) Resistance welding. (9) Flame cutting. (10) 
Welding high-nickel iron alloys. (11) Bibliography of 109 
references. (12) Suggested research problems. 

Welded Boiler Tubes. (Steel, 1938, vol. 102, May 16, pp. 68-70). 
A brief description is given of the process of making resistance- 
welded boiler tubes in a continuous seam welding machine which has 
rotating copper disc electrodes. The tubes are subjected to heat 
treatment in a furnace which is suitable for either annealing or 
normalising and is heated by horizontal, gas-fired, alloy-steel radiant 
tubes situated above and below the roller hearth conveyor. The 
furnace atmosphere is prepared in a separate unit by cracking natural 
fuel gas, and is refined by scrubbing, filtering, removing the sulphur 
and dehydrating. The tubes pass finally to a blueing furnace which 
gives them a blue oxide coating to prevent rusting. 

Welding Class I. Pressure Vessels. B. W. Farquhar. (Welding 
Journal, 1938, vol. 17, July, pp. 37-38). The author describes the 
procedure adopted for the welding of a pressure vessel made of steel 
containing 6% of chromium and 0-5% of molybdenum and the 
subsequent heat treatment. 

Recognising and Repairing Weaknesses in Existing Pressure 
Vessels. K.V. King and F.T. Patton. (American Welding Society, 
Mar. 24, 1938: Welding Journal, 1938, vol. 17, July, pp. 10-16). 
In this paper the authors lay down a procedure for the inspection of 
pressure vessels, for determining the relative strength of vessel parts, 
and discuss the points to be observed in carrying out repairs and 
reinforcing by welding. 

Stainless Alloy Welded Plate and Castings in Corrosion-Resisting 
Pressure Equipment. R. Simpson. (American Welding Society, 
March, 1938 : Welding Journal, 1938, vol. 17, July, pp. 25-28). The 
author, after discussing the properties of two corrosion-resisting steels 
containing 18% of chromium, 8% of nickel and 18% of 
chromium, 8% of nickel and 3% of molybdenum respectively, exam- 
ines the welding technique to be adopted and the choice of electrodes. 

Weldability and Properties of Materials for Casing Strings. J. C. 
Hodge and R. C. Sadler. (American Welding Society Conference, 
Los Angeles, Mar. 21-25, 1938 : Welding Journal, 1938, vol. 17, May, 











232 4 WELDING AND CUTTING. 


pp. 26-37). The authors discuss data obtained from tests made on 
butt-welded steel tubes used for the casings of oil wells. 

Sheet Metal Welding. W. B. Nicholson. (Welding Journal, 
1938, vol. 17, May, pp. 3-10). The author describes and discusses 
the technique of the autogenous welding of steel sheets, with a 
special section on the design and use of stationary and moving jigs. 

Bicycle Tubing Welded by the Hart Process. I. Whitehouse. 
(Welding Journal, 1938, vol. 17, May, pp. 17-20). The Hart 
process is an accurately timed electric resistance process for welding 
two tubes or a tube and another article in such manner that there 
is no “ scarf” to be removed afterwards. It consists of three major 
steps : Re-enforcing the tube ends; preparing the ends for welding ; 
and the welding operation itself. The procedure is described in this 
article and a number of photographs show the equipment used, a 
selection of typical joints and micrographs of sections through some 
of the welds. 

Thermal Disturbance during Welding. T.B. Wilkinson. (Trans- 
actions of the Institute of Welding, 1938, vol. 1, July, pp. 159-165). 
In this article the author considers thermal disturbance in relation 
to the hardness of arc fillet weld areas in steel. He discusses the 
results of a large number of tests which were made to ascertain the 
characteristics of the flow of heat when making fillet welds. The 
results of a mathematical analysis of these and other investigations 
indicate that the thermal disturbance is of a complex exponential 
character, and depends on such factors as the current, speed of 
welding and shape and thickness of the welded joint. 

An Approximate Method of Calculating the Distortion of Welded 
Members. G.J. Gibson. (Pittsburgh-Des Moines Steel Company’s 
Technical Bulletin No. 3307 : Welding Journal, 1938, vol. 17, July, 
pp. 34-36). The author classifies the shrinkage which occurs after 
electric welding as transverse shrinkage across the weld and longi- 
tudinal shrinkage along the weld. He then outlines a method of 
quantitatively evaluating the distortion of members resulting from 
longitudinal shrinkage. To obtain data for the calculation, strain- 
gauge readings are taken on both sides of the welded plates to 
measure their change in length parallel to the welds. These readings 
measure the shrinkage and the compressive stress in the plates 
caused by the tension in the upset area. Tests are also made to 
determine the area upset for a given weight of deposited weld-metal. 
Examples are given showing how the distortion can be calculated 
from these data. 

The Relationship between the X-Ray Photographs and the Tensile 
Strength of a Weld. E. A. W. Miiller. (Archiv fiir das Eisen- 
hiittenwesen, 1938, vol. 12, July, pp. 25-26). A series of tensile 
tests were made on pieces of electrically welded steel to the German 
specifications St 00, St 37, St 42 and St 52 and the results are shown 
in tabular form side by side with X-ray photographs in such a way 
that the relationship between the two is readily seen. The effects of 
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trapped gases, slag inclusions and insufficient penetration as dis- 
closed by the two methods of testing are discussed. 

The Relation between the Microstructure and the Tensile Fatigue 
Strength of a Welded Test-Piece of German Standard No. 37 Steel. 
M. Hempel. (Stahl und Eisen, 1938, vol. 58, July 14, pp. 756-760). 
The author describes a series of tests which were made on samples of 
electrically welded steel of the following analysis : Carbon 0-05%, 
silicon trace, manganese 0-056%, phosphorus 0-032%, sulphur 
0-032% and copper 0-12%. X-ray photographs were taken in four 
different planes, and the tensile fatigue limits were also ascertained. 
The results are discussed, and it is shown that the X-ray photographs 
of faulty welds can be used to show the degree of reduction in the 
tensile fatigue limit. 

Regulations and Specifications for Welded Steelwork. E. P. S. 
Gardner. (Welding Journal, 1938, vol. 17, May, Supplement, pp. 
18-37). A comparative analysis of the regulations and standard 
specifications for welded constructional steelwork issued in various 
countries. 
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PROPERTIES AND TESTS : 
pr 
(Continued from pp. 157 A-174 a) = 
Impact Testing of Cast Iron. A. J. N. Smith. (Bulletin of m 
the British Cast Iron Research Association, 1938, vol. 5, July, pp. 
203-204). The author describes the Krupp-Stanton repeated I¢ 
impact test and compares this with the Izod and Charpy impact tests, 28 
and discusses the lack of uniformity of the results obtained when 9 
using these for the testing of cast iron. al 
Some Fundamental Factors Regarding the Stress-Strain Diagram tu 
for Mild Steel. G. Welter and S. Gockowski. (Metallurgia, 1938, di 
vol. 18, May, pp. 13-17; June, pp. 61-64; July, pp. 99-101). A ec 
series of tests are described which show the influence exerted by the tu 
design of testing machines in the development of stress-strain br 
diagrams. It is shown that the drop in stress at the yield point of (4 
mild steel is due to the reaction of the indicating grip holder upon the Ww 
indicated load. In the second part of this article the authors of 
examine the effect of eccentric loading on test-pieces subjected to al 
tensile tests and its influence upon the upper and lower yield us 
points. It was found that eccentric loading up to 1 mm. did not 
influence the upper or lower yield points in the test results examined, W 
so that eccentric loading has not a deleterious influence upon the Ji 
formation of the upper yield limit to such an extent as is frequently ki 
assumed. pe 
The Distribution of Internal Shearing Stress in the Cross-Section su 
of Cold-Twisted Metallic Bar and the Change of the Stress Caused by ar 
Annealing. T. Uéda. (Science Reports of the Téhoku Imperial lis 
University, 1938, vol. 26, Apr., pp. 433-544). The measurement of ve 
elastic after-effect was carried out on specimens of Armco iron, carbon W 
steels, copper and magnesium, to all of which varying amounts of st 
twisting were previously given. Among the carbon steels a eutectoid di 
steel with 0-9°/, carbon showed the highest elastic after-effect. The fa 
distribution of internal shear stress in the cross-section of cold- ar 
twisted bars was also measured. On the surface of the specimen, the co 
shear stress is a maximum and gradually decreases towards the centre lo 
of the specimen, until it vanishes at a certain point, and then changes 
its sign; this stress increases to a maximum at the boundary between (\ 
the layers of elastic and plastic deformations, and then linearly ig 
decreases to zero at the centre of the bar. The change of internal ur 
stress caused by annealing at various temperatures was studied, and oc 
it was found that a greater portion of the stress disappeared in the 0- 
following temperature ranges (a) 200°-600° C. in iron and steels, (5) pt 
50-500° C. in copper, (c) 40-200° C. in magnesium. Since the be 
internal shear stress decreases on annealing, the change of twist ta 


by annealing was studied for 15 kinds of metals heated in a high lat 
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vacuum. The complicated change of twist observed was explained 
by the difference of release of internal stress in the inner and outer 
portions of the section of the bar. The strain energy due to the 
presence of internal shear stress was also measured; it was only 
0-2% of the applied energy in 0-9% carbon steel, 0-12% in 13% 
carbon steel, 0-18°% in magnesium, and still less in the case of other 
metals. 

Defects in Steel. J. A. Duma. (Heat Treating and Forging, 
1938, vol. 24, Apr., pp. 174-181; May, pp. 231-236; June, pp. 
280-285, 298). A continuation of a previous article. (See p. 
90 A). In Part II. of this series the author discusses the chemistry 
and the causes of scaling, and the causes of banding, which is a longi- 
tudinal heterogeneous condition consisting of ferrite and pearlite 
drawn out in the direction of hot-working. Part III. he devotes to a 
consideration of brittleness and the four steel embrittlement tempera- 
ture zones known as (1) carbide brittleness, (2) blue- or temper- 
brittleness, (3) secondary or recrystallisation brittleness, and 
(4) Transformation shortness. In Part IV. he analyses the changes 
which take place in steel during heat treatment, and the influence 
of grain size on the behaviour of steel during forging, heat treatment 
and machining processes. He also enumerates a variety of methods 
used for discovering defects in steel and discusses their applications. 

Some Aspects of Failures in Steel. Ik. Hunter. (Journal of the 
West of Scotland Iron and Steel Institute, 1938, vol. 45, Part IV., 
Jan., pp. 41-53). In this paper the author gives a résumé of current 
knowledge as regards certain aspects of elasticity and fatigue with 
particular reference to the way in which engineers view these 
subjects. The various types of stresses involved in fatigue failure 
are analysed and where possible quantitative relationships are estab- 
lished and a comparison is made between empirical and theoretical 
values. The author commences with a discussion on resilience, 
which he defines as the amount of energy stored in a body when it is 
stressed below its elastic limit, and shows that the energy stored is 
directly proportional to the square of the stress. Elastic and fatigue 
failures and the relationship between them are dealt with at length, 
and the concluding part of the paper is devoted to a qualitative 
consideration of the reasons why results in service have indicated 
lower fatigue limits than those predicted in the laboratory. 

Fatigue Testing and Crystal Structure. H.Mdéller and M. Hempel. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1938, vol. 20, No. 2, pp. 15-33). The authors describe an investigation 
undertaken to determine the changes in the crystal structure which 
occur in steel subjected to fatigue stress. The steel tested contained 
0-02°% of carbon, a trace of silicon, 0-059% of manganese, 0-05% of 
phosphorus and 0-025% of sulphur. Tests were made with a fatigue 
bend testing machine and X-ray reflection photographs were 
taken. The investigation showed that: (1) Deformation of the 
lattice became visible in numerous crystals very soon after the 
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applied load exceeded the fatigue strength. The number of crystals 
affected and the degree of deformation increased with prolongation 
of the test. The occurrence of this lattice deformation is a charac- 
teristic of the state when the fatigue stress exceeds the fatigue 
strength. Great deformation does not take place, however, until 
just before the moment of fracture. It was established that this was 
only an incidental characteristic and not the cause of fatigue failure. 
The deformation takes place at the fracture only. (2) As long as the 
stress remained less than the fatigue strength, no changes in crystal 
structure were observed. It was only when the stress approached 
the fatigue strength that slight changes in individual crystallites 
occurred. The number of crystallites affected and the degree of 
deformation were less than when the stress exceeded the fatigue 
strength. (3) Under static loads up to the upper elastic limit the 
lattice deformation was no greater than when the stress was less than 
the fatigue strength. 

The results were compared with those of other investigators. 
The authors consider that the X-ray method used in this investiga- 
tion could also be used to determine whether a fatigue failure was 
imminent. 

The Failure of Girders under Repeated Stresses. (Part I.) 
F. C. Lea and J. G. Whitman. (Journal of the Institution of Civil 
Engineers, 1938, June, pp. 301-328). The special machine and a 
series of tests performed with it were described in Part I. of this 
paper (see Journ. I. and 8.1., 1938, No. I., p. 142 a). Some modifica- 
tions to the machine were subsequently carried out and a further 
series of tests were made which form the subject of this paper. These 
tests were made on rolled mild-steel joists 5 in. by 3 in. by 11 lb., 
some with rivet holes, some butt-welded at mid-span and some as 
received ; also on built-up welded girders 5 in. by 3 in. consisting of 
web-plates fillet-welded to the flange-plates and on a similar series 
which had been heat-treated. The results are discussed and numerous 
tables and graphs are given. In their summary the authors state 
that if the fatigue range of the plain joist was unity, no joint gave a 
fatigue range factor of more than 0-67. Particulars of the electrodes 
used in the tests on weld specimens are given in an appendix. 

The Elastic Limits of Steel under Fatigue Stressing. H. Buchner. 
(Forschung auf dem Gebiete des Ingenieurwesens, 1938, vol. 9, 
No. 1., p. 14 : Zeitschrift des Vereines deutscher Ingenieure, 1938, vol. 
82, June 25, pp. 781-782). The author discusses the changes in the 
fatigue properties of steels subjected to various alternating stresses. 
The elastic limit was taken to be that value above which, while under 
fatigue loading, heat was developed owing to plastic deformation. 
This was called the “ slip” phenomenon, and the limits were known 
as the “slip” limits. It was found that the “slip” limit was the 
link associating the properties of fatigue strength, material damping, 
and notch sensitivity, and changes in the “slip” limit determined 
changes in these properties. 
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The Effects of Longitudinal Scratches on Valve Spring Wire. 
F. P. Zimmerli, W. P. Wood and G. D. Wilson. (American Society 
of Metals, Oct., 1937, Preprint No. 24: Wire and Wire Products, 
1938, vol. 13, May, pp. 245-249, 258-259). See Journ. I. and §S.L., 
1938, No. I., p. 78 A. 

Hardenability as it Affects Heat-Treated Parts. M.A. Grossmann. 
(Heat Treating and Forging, 1938, vol. 24, Apr., pp. 182-186). The 
author defines the hardenability of a piece of steel as its suscepti- 
bility to being hardened, so that if a steel requires a rapid quench to 
harden it, it is said to have low hardenability. He then discusses the 
importance of this characteristic in commercial steels and methods of 
measuring it with particular reference to the use of the hardness 
distribution curve, an example of which is given. The rates of 
pearlite formation and their effects on hardness distribution are 
examined. In conclusion he discusses the application of fracture 
tests which are frequently used to determine the “‘ depth of harden- 
ing” in a quenched bar. 

A Study of the Brittleness of Carbon Steels. J. Merklen and E. 
Vallot. (Génie Civil, 1938, vol. 112, June 18, pp. 521-523). After 
discussing the causes and effects of brittleness, the authors suggest 
the following precautions which users might adopt to prevent 
deliveries of any brittle steel being made: (1) Attention should be 
given to other means of calculating the strength of the steel in addi- 
tion to making tensile tests on samples from the same charge. (2) 
Any material to be subjected to dynamic stresses should be given an 
impact test, the result of which should be expressed in kilogram- 
metres per square centimetre. (3) One impact test is not enough, but 
a number should be made at various points along the section and from 
these the lowest value obtained is to be taken. (4) The minimum 
value obtained in (3) should be sufficient guarantee against cracks or 
flaws due to inclusions of foreign substances. (5) Any material 
which does not come up to the minimum strength required must be 
rejected, especially in the case of steel wire for wire ropes. 

Factors Affecting Red-Shortness. F.G. Norris. (lron and Steel 
Institute, Oct., 1938; this Journal, p. 75P). Samples from four 
open-hearth heats were forged into }-in. square bars, which were 
sampled for chemical analysis and tested for red-shortness by bending 
over an anvil while in the red-short range. If the ratio 
(Mn + 0-048)/(S + 0-13 O) (in which Mn, S and O are the weight 
percentages of manganese, sulphur and total oxygen) is below 3-30, the 
sample is red-short. Samples of previous investigators show that a 
definite value of this ratio can be established for any one investi- 
gation, above which no sample is red-short and below which all are. 
If worked in the red-short range as soon as this temperature is reached 
after solidification, a sample with a ratio as high as 6-46 is red- 
short. In the range 6-46-3-30, the cooling conditions affect the 
red-shortness. Independent evidence indicates that the cooling 
conditions affect the amount of iron or manganese sulphide. 
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The Quench-Ageing of Steel. J. H. Andrew and FE. M. Trent. 
(Iron and Steel Institute, Oct., 1938 ; this Journal p. 241 Pp). Details 
are given of experiments carried out to determine the effect of carbon 
upon the rate and magnitude of ageing, as measured by increments in 
the Vickers hardness values—ageing being brought about by quench- 
ing the normalised steels from temperatures below the Ac, transforma- 
tion point. The effect of small additions of silicon, manganese, 
aluminium and molybdenum has also been determined. The 
method adopted was to carburise pure iron in acetylene gas, along 
with pure iron to which the special elements had been added. The 
carburised bars were sectioned by cutting them at such an angle as to 
allow of a large number of hardness impressions to be taken between 
the carburised surface and the centre of the bar. In nearly all cases, 
it was found that the maximum increment in hardness at 25° C. 
occurred in a zone corresponding to a carbon content of approxi- 
mately 0-035%, after quenching from a temperature just below the 
Ac, point. This carbon content corresponds to that amount which 
is regarded as the limit of solubility of carbon in «-iron. The addi- 
tion of manganese up to 1:0% or of molybdenum up to 1-:0% 
decreased the ageing; silicon up to 0-88% produced but small 
differences, whilst aluminium up to 0-47°% brought about an increase 
in ageing as measured by hardness determinations. 

Nitrogenised iron after quenching from certain temperatures 
gave a much greater increment in hardness as compared with iron- 
carbon alloys; further, nitro-martensite, unlike martensite in an 
iron-carbon alloy, showed considerable ageing at atmospheric 
temperature. The view is held that the increment in hardness 
produced in ageing is due to the strain in the lattice produced by 
carbide of iron or nitride of iron, prior to their precipitation from 
solid solution. 

The effect of a Vickers diamond impression when made 
immediately after quenching for ageing and after quenching followed 
by fully ageing is of considerable interest. In the former case no 
effect upon the precipitation was produced, but in the latter the 
whole of the carbide or nitride immediately surrounding the impres- 
sion was taken into solution. This clearly signifies that mechanical 
strain is in itself sufficient to bring about a re-solution of carbide or 
nitride, when such a strain is imposed at atmospheric temperature. 
Whether this is due to a temperature effect along the slip planes 
cannot as yet be stated, but further work is in progress relative to 
this problem. 

Cooling of Permanent Magnet Ailoys in a Constant Magnetic 
Field. D. A. Oliver and J. W. Shedden. (Nature, 1938, vol. 142, 
July 30, p. 209). The authors discuss the results of experiments on 
cooling permanent-magnet alloys of the nickel-aluminium-iron 
Mishima type in a uni-directional magnetic field from 1,200° C. 
and then measuring the demagnetisation curves at room temper- 
ature. 
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Specific-Heat /Temperature Curves of Commercially Pure Iron and 
Certain Plain Carbon Steels. C.Sykesand H. Evans. (Ironand Steel 
Institute, Oct., 1938: this Journal, p. 125p). Measurements of the 
specific heat in the temperature range 80-450° C. have been made on a 
number of samples of commercially pure iron and plain carbon steel. 
The results are in reasonable agreement with accepted values. No 
experimental evidence is found which confirms the presence of the 
discontinuities reported by Naeser and Dearden. An examination of 
the published literature dealing with abnormalities in physical prop- 
erties of iron indicates that the indirect evidence which this brings 
to the support of the work of Naeser and Dearden is not strong. 

Thermal Conductivity Determinations. W. F. Chubb. (Metal 
Industry, 1938, vol. 52, May 27, pp. 545-548; June 3, pp. 579- 
580). In the first part of his paper the author describes a number of 
refinements which have been incorporated in the guard ring method 
for the determination of the the ‘mal conductivity of metals. He goes 
on to describe an original apparatus for conductivity measurement 
and gives details of the procedure adopted. In the concluding part 
he describes the wiring diagram of his new apparatus and the 
methods of calibration used, and shows by examples the degree 
of accuracy obtainable with it. 

High-Temperature Strength of Steels. R. L. Wilson. (Metal 
Progress, 1938, vol. 33, May, pp. 499-505). In his discussion on the 
effect of heat upon the structure and strength of steels the author 
examines the properties of the grains and the material between the 
grains. At high temperatures the amplitude of vibration of the 
atoms increases, so that both the crystalline and intergranular 
materials gradually lose strength owing to reduced atomic cohesion. 
The loss of strength of the former occurs less rapidly because the rigid 
framework of the crystal structure restricts free movement of the 
atoms. Since at low temperatures the material in the grain boun- 
daries is stronger than the grains, and at high temperatures the 
grains are stronger than the intergranular material, there must be 
some point on the temperature scale at which these two phases have 
the same strength. This point has been called the equi-cohesive 
temperature. The effect of time first becomes a significant factor in 
the creep of steels above the equi-cohesive temperature. High- 
temperature strength must therefore be expressed in terms of 
temperature, stress, rate of deformation and time. The evidence 
goes to show that strength at high temperature could be increased by 
doing anything that would raise the lowest temperature of equi- 
cohesion or recrystallisation. In conclusion the author states that it 
is in the range from atmospheric to equi-cohesive temperature that 
substantial gains in strength can be developed through raising the 

carbon content of steels and resorting to heat treatment. 

Unique Electric Furnaces for Creep Testing. (Industrial Heating, 
1938, vol. 5, June, pp. 516-518). An illustrated description is given 
of three electric furnaces and their accessories which have been 
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designed by the Westinghouse Research Laboratories for creep 
testing. The installation combines sixty creep machines in each 
unit. Each machine is a heavy alloy-steel block housed in a three- 
walled cylinder over 6 ft. high and supported on a foundation of sand. 
Sand is used in the foundation pit to minimise the effects of vibra- 
tion. Three windings on the metal core of the furnace can raise the 
temperature up to 1,000° F. and a photo-electric cell maintains the 
required temperature within 10° by automatically operating a 
resistance which controls the current. ‘The cylinder revolves once 
per hour in order to ensure an even distribution of the heat. The 
outer shell of each unit is made of concentric sheets of polished nickel 
and aluminium separated by powdered silocel. Each heating core 
has twelve spaces for holding twelve 20-in. test-pieces which may be 
subdivided into five sections to make sixty tests. Dial gauges 
connected with comparison rods extend through the top of the 
furnace and measure the relative vertical displacement of the rods by 
the test-pieces. By means of weights and levers a load of as much as 
50,000 Ib. per sq. in. can be applied to the test-pieces. A check on 
the creep measurements is made by taking observations with a 
micrometer microscope through quartz windows and measuring the 
distance between two lines scratched on the surface of the test-piece. 
The readings are taken daily for approximately three months and 
graphs are drawn for each piece. 

The Influence of Technological Factors on the Mechanical 
Properties of Steel at Elevated Temperatures. A. Borzdyka. (Stal, 
1937, No. 10, pp. 52-56). (In Russian). The influence of the 
following factors on the mechanical properties, in particular creep, of 
steel at elevated temperatures is examined: (a) The method of 
melting, (b) the effect of hot-working, (c) cold-working, (d) heat 
treatment and (e) welding. Reference is made to information 
published mainly outside Russia. 

Effect of Boron on Nickel Steel. (Iron and Coal Trades Review, 
1938, vol. 137, July 15, pp. 98-99). An English summary of a paper 
by G. Naton and E. Piwowarsky presenting the results of an investig- 
ation into the effect of boron on the transformation points, physical 
properties and machinability of two carbon steels. The steels 
examined were made by the basic Bessemer process and contained 
0-13% and 0-24% of carbon respectively, the nickel content 
ranging from 1 to 5% and the boron from 0-020 to 0-085%. A 
series of graphs shows the tensile strength, yield point, elongation and 


notched-bar values for the various contents of nickel and boron. - 


(See Journ. I. and S.I., 1938, No. I., p. 208 a). 

A Contribution to the Classification of Pig Iron. F. Roll. 
(Giesserei, 1938, vol. 25, July 1, pp. 321-324). The author discusses 
the classification of German hematite iron by analysis, and, by 
plotting the silicon in relation to the combined carbon as obtained 
from the analysis of a large number of samples, he produces a curve 
which represents the average carbon/silicon ratio for that quality. 
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The examination of the fracture is also dealt with and the character- 
istics of the two methods of classification are compared. 

Recent Developments in the Production of Iron Castings 
and Non-Destructive Methods of Testing Them. F. Schroeder. 
(Giesserei, 1938, vol. 25, July 29, pp. 373-375). The author surveys 
briefly the more recent results achieved in improving the properties 
of iron by additions of molybdenum with and without vanadium and 
discusses the application of these alloys in the engineering and 
chemical industries. The methods of testing which he discusses 
include the use of X-rays, gamma-rays and the microscope. 

Cast Iron in Engineering Construction. J.L. Francis. (Iron and 
Steel Industry, 1938, vol. 11, June, pp. 471-473 ; Aug., pp. 562-567). 
The continuation of a series of articles. (See p. 39). In Part II. 
the author discusses the effects of charge composition, cupola 
practice and casting temperature on the tensile strength of the 
castings produced. In Part III. consideration is given to the effect 
of section, size and shape on transverse strength; the ratio of 
tensile to transverse strength; compressive strength; shear 
strength ; ratio of shear to tension; fatigue strength; damping 
capacity ; and graphite and notch effects. 

Effect of Chromium on Growth of Commercial CastIron. Rebecca 
H.Smith. (Iron Age, 1938, vol. 141, June 9, pp. 43-45 ; June 23, pp. 
29-31). In the first of two articles the author outlines the history of 
investigations on the growth of cast iron at elevated temperatures, 
describes her own investigation of the subject and presents micro- 
graphic evidence on the retarding effect of chromium on the growth 
of cast iron. In the second part the discussion of the effects of 
chromium is continued and summarised as follows: (1) Chromium 
stabilises both cementite and pearlite, interfering strongly with the 
graphitisation which would, in unalloyed irons, take place at high 
temperatures. (2) Chromium retards oxidation. (3) Chromium 
strengthens the iron and thus helps it to withstand the stresses set up 
by thermal change. 

Heat-Resisting Cast Irons. A. Portevin and P. Bastien. 
(Association Technique de Fonderie, 1937, vol. 11, June, pp. 220- 
231). After considering the changes in volume, structure and 
composition which take place in cast iron when heated, and discussing 
micrographs and the results of dilatometer tests, the authors come to 
the conclusion that these changes are due to three destructive 
causes: (1) Graphitisation with expansion; (2) formation of 
internal cracks due to the unequal expansion of the graphite and of 
the steel matrix ; and (3) internal corrosion, oxidation or sulphurisa- 
tion due to gas penetrating into the cracks and getting between the 
graphite grains. These causes can be combatted by : (a) Preventing 
the formation of graphite by the addition of a metal (such as 
chromium, manganese, tungsten, molybdenum or vanadium) which 
will stabilise the iron carbide, or by the addition of an agent (such as 
silicon, aluminium, titanium or nickel) which will decompose the 
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graphite as it forms; (b) preventing phase transformation by keeping 
the working temperatures within the limits of existence of one 
phase, and by adding sufficient percentages of aluminium, silicon 
or chromium in the case of «-iron, and nickel or manganese in the 
case of y-iron; and (c) reducing the graphite by suitable treatment 
of the iron when in the liquid state. 

High Tensile Steels for Light-Weight Construction. A. F 
Stuebing. (Metal Progress, 1938, vol. 34, July, pp. 37-42). In this 
article the author discusses the progress made in the production of 
steels containing relatively low percentages of alloying elements 
which do not require heat treatment. These are now produced at 
low cost by the open-hearth process. He gives examples of the use 
of these steels in the construction of rolling stock, mining equipment, 
ships and dams. The effects of the different alloying elements on 
the physical properties are examined in detail. 

Plain Chromium Irons—Their Toughness and Weldability. 
V. N. Krivobok. (Metal Progress, 1938, vol. 34, July, pp. 47-52). 
In the first part of his paper the author deals with the microstructure 
and effect of heat treatment on the mechanical properties of straight 
chromium-iron alloys containing from 16 to 30% of chromium. It has 
been found with respect to alloys containing from 23 to 30% of 
chromium that variations of the carbon have no effect upon the 
susceptibility to heat treatment, but upon heating to above 2,000° F. 
grain growth occurs, resulting in diminished strength and loss of 
ductility as measured by elongation in the tensile test which falls 
from 28-30% to less than 5%. While the grain can be refined by 
deliberate additions of nitrogen, the problem raised by the loss of the 
impact strength of these steels has not yet been solved. The welding 
of this class of material corresponds to a heat treatment conducive to 
hardening in some of the alloys and grain growth in others. As 
annealing the finished article is frequently impracticable and some- 
times impossible, other means of avoiding the production of local 
hard regions have to be adopted. One method is to use high- 
chromium, high-nickel welding electrodes of standard analysis. 
The use of welding electrodes of an alloy of different composition from 
that of the material being welded may accelerate the rate of corrosion. 
This effect may be overcome by making a “ compound ” weld. This 
technique involves making the weld with electrodes high in nickel to 
secure the required strength and ductility, and then covering the side 
which, when in service, will be in contact with the electrolyte, with a 
layer of plain chromium-iron weld metal. The author concludes 
with a brief discussion on the effects of additions of aluminium, 
titanium, niobium, tungsten, copper and molybdenum on the 
properties of chromium-iron alloys. 

Fabrication and Uses of the Low-Chromium Stainless Steels. B. 
Stoughton. (Western Metal Congress, Los Angeles, Mar. 21-25, 
1938: Heat Treating and Forging, 1938, vol. 24, May, pp. 237-243). 
This paper is confined to a discussion of steels containing less than 
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15% of chromium. In the first part the author discusses the structure 
of the steels in relation to hardness and compares oil-quenching with 
air-hardening. The difficulties encountered in hot- and cold- 
working, machining and welding the material are dealt with, and in 
the concluding part he deals with the factors governing the selection 
of stainless steels for (a) hardness, (b) corrosion-resistance and (c) 
strength. 

Chromium-Molybdenum Bolts for High Pressure. (Alloy Metals 
Review, 1938, vol. 2, June, p. 13). An apparatus known as a 
“blow-out preventer,” which is used to control the tremendous 
pressures which may be encountered when drilling for oil, is described 
with particular reference to the bolts used in its construction. 
These bolts are 322 in. long by 1? in. in dia. and the steel contains 
0-50-0-80% of chromium, 0-15-0-25°% of molybdenum and 0:35- 
0-45% of carbon. They are oil-quenched and tempered, and are 
easily machined after the heat treatment. 

The Development and Uses of Tool Steels. O. K. Parmiter. 
(Industrial Heating, 1937, vol. 4, Oct., pp. 855-859; 1938, vol. 5, 
June, pp. 395-398). After rapidly surveying some events in the 
history of steelmaking from very earliest times, the author discusses 
the composition, heat treatment and application of several represen- 
tative types in each general group of tool steels now in common use. 
These general groups include: Hard-metal cutting steels; high- 
carbon, high-chromium steels; hot-work steels ; high-speed steels ; 
non-deforming, oil-hardening steels; magnet steels; die-casting 
steels ; water-hardening carbon tool steels ; and steel wire for spring 
temper applications. ; 

Tool Steels, Past and Present, Part IV.—Induction Furnace 
Melting. H.C. Bigge. (Metal Progress, 1938, vol. 33, May, pp. 
489-493). A continuation of a previous series. (See p. 104). 
After reviewing the history of the development of the coreless 
induction furnace and describing a modern industrial unit, the 
author proceeds to compare its advantages and disadvantages with 
those of the fuel-fired crucible furnace. The electrodynamic 
movement of the bath in the induction furnace is one of the points of 
difference, and investigations have revealed that, if the possibilities 
offered by the induction furnace are properly utilised, the turbulence 
of the bath merely accelerates the reactions with the slag and quickly 
eliminates any difference in composition within the bath itself. This 
movement of the bath presents no danger of slag inclusions in the 
resulting steel. The author concludes with a description of the 
procedure followed and precautions to be taken when casting the 
ingots. 

Purchase and Inspection of Tool Steels. S.C. Spalding. (Metal 
Progress, 1938, vol. 33, June, pp. 601-605, 624). The author 
describes a system employed for the purchase of tool steel, the 
essential feature of which is that the different sections of the works 
which send in requisitions to the purchasing department have a 
series of steel specifications on their file, each steel being known by a 
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number, not bya brand. The purchasing department, in consulta- 
tion with the metallurgist’s records of inspection and performance, 
can then place the order with that supplier with the best and most 
consistent record. He then discusses the types of testing which are 
employed to ensure that the material received complies with the 
specification. These are: (1) Hardness. (2) Macro-etch. 
(3) Hardening capacity. (4) Microstructure. (5) Chemical analysis. 

Materials Used in Drilling Oil Wells. L.S. Dawson. (Nickel 
Bulletin, 1938, vol. 11, July, pp. 149-152). The use of nickel steels 
in oil-boring equipment is briefly reviewed. Drill collars are made of 
a nickel-chromium steel containing 1-0 to 1-5% of nickel. The hook 
handling the drilling string is made of a nickel-chromium-molyb- 
denum steel. Other components described are the rotary tool joints, 
slush pumps, fishing tools and blow-out preventers. 

Metals Used in Automobiles. B. Stoughton. (Heat Treating 
and Forging, 1938, vol. 24, Apr., pp. 192-194). The author discusses 
briefly the application of aluminium, cast iron, plain carbon steel, 
low-alloy, high-alloy and special-alloy steel in the manufacture of 
American motor-cars. 

Metals in the Aircraft Industry. J. R. Goldstein. (Canadian 
Metals and Metallurgical Industries, 1938, vol. 1, Apr., pp. 110-112, 
119). After stating that steel alone accounts for 174% of the total 
structural weight of a standard 21-passenger aeroplane without 
engines, propellers, starters and instruments, the author discusses 
the various kinds of steel and non-ferrous-metal alloys used both in 
the structure and in the engines and accessories. 

Materials for Aircraft Construction. H. J. Gough. (Royal 
Aeronautical Society, May, 1938: Engineer, 1938, vol. 165, June 3, 
pp. 626-628). The author shows how metals have replaced wood in 
aeroplane construction and discusses the relative merits of steel and 
light alloys. Careful design has made possible the use of thin high- 
tensile steel strip in which very high stresses may be developed, 
while steel spars and other structural members lend themselves to 
mass production methods. The article concludes with a section on 
the application of plastic materials. 

Inspection of Raw Materials in the Aircraft Industry. H. H. 
Jackson. (Metallurgia, 1938, vol. 18, June, pp. 51-54). The very 
high quality which is demanded of the products of the aircraft 
industry necessitates a highly efficient inspection organisation to 
check material at all stages of manufacture. In this article the 
author describes the methods by which the raw materials are 
inspected with particular reference to fracture testing and the use 
of the ‘‘ Magnaflux ’’ machine. 

The Activities of the Physikalisch-Technische Reichsanstalt in 
1937. S. Erk. (Zeitschrift des Vereines deutscher Ingenieure, 
1938, vol. 82, July 9, pp. 829-832). The author reviews the work 
done in this government laboratory with reference to standardising, 
substitutes for imported materials, instrumentation, sound, light and 
heat. 
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The Preparation and Etching of Wire Microsections. W.G. M. 
Farrow. (Wire Industry, 1938, vol. 5, May, pp. 273-277; June, 
pp. 379-387). The first part of this article is devoted to a discussion 
of the cutting and mounting of specimens, and in the concluding 
aaa the subjects of grinding, polishing and etching are dealt 
with. 

The Industrial Applications of X-Rays. H. Brasseur. (Revue 
Universelle des Mines, 1938, vol. 14, May, pp. 395-396). In a brief 
article the author explains the principles of X-ray photography and 
discusses its application in metallurgy for the examination of welds, 
the study of alloys, as well as its use in the textile, indiarubber and 
cement industries. 

Four Factors to Consider when Examining the Structure of Steel 
Sheets. E. C. Rollason. (Sheet Metal Industries, 1938, vol. 12, 
May, pp. 526-528). The author discusses the microstructure of steel 
sheets and the effect which the rolling has on the constituents. The 
four factors to which he draws attention in particular are: (1) 
Number of minor constituents present. (2) Size and shape of 
grains. (3) Intrinsic properties of each phase. (4) Relative propor- 
tions by volume and distribution of each constituent. 

Grain Size and Hardenability in Steels to be Heat-Treated. E. C. 
Bain. (Iron and Steel Institute, Oct., 1938; this Journal, p. 33 P). 
This paper develops, through numerical data, actual quantitative 
evidence of the degree to which increasing grain size in a hardenable 
steel of given composition increases the hardenability and similarly 
indicates the degree of the superiority with respect to toughness or 
impact strength of the heat-treated steel of fine austenite grain. 
These effects are shown to exist whether the grain-size disparity is 
brought about by the heating schedules applied to the same steel 
or by inducing different grain-growth response by the final treat- 
ment of the molten steel. 

An explanation for grain-size effects is offered and supported, 
which postulates that the hardenability is a matter of the rate of 
nucleation and that the grain size is both one of the means of con- 
trolling nucleus formation and, at times, a reflection of it. 

The difference in the mechanical properties of heat-treated steels 
of equal hardness as between those formed from a fine and those from 
a coarse austenite grain is explained on the basis of internal stress. 
This is shown by independent experimentation to be a potent factor 
in the toughness, and reasons to associate its variation with the grain 
size are offered. 

The customary method of grain-size control by the judicious use 
of aluminium is shown to be based upon no function of the dissolved 
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elemental aluminium but to be rather a control of the strong nuclea- 
tion effect of a dispersion of alumina or possibly other aluminium 
compound. The general effect of foreign particles is illustrated also 
by the special persistent carbides which likewise reduce the harden- 
ability and, through the maintenance of fine austenite grain size, 
enhance the toughness of heat-treated steels. 

Wire Metallography. B. L. McCarthy. (Steel, 1938, vol. 103, 
July 11, pp. 54-57). The application of metallography to wire 
manufacture is comparatively recent but has proved to be of great 
value. The author here discusses the McQuaid-Ehn grain size test, 
and by reference to the micrographs which illustrate the article he 
shows the importance of examining the grain size prior to cold-rolling. 
He suggests that examination by metallography can also be applied 
with advantage to galvanising and heat-treatment processes. 

Comparison of Methods for Determining Austenitic Grain 
Size. A. Skapski, W. Kita and S. Orzechowski. (Hutnik, 1938, 
vol. 10, Apr., pp. 209-225). (In Polish). The authors describe the 
results of an investigation on various methods of austenitic grain- 
size determination carried out on plain carbon steels with both high 
and low carbon contents, and with plain-chromium, nickel-chromium, 
nickel-chromium-molybdenum and _nickel-chromium-molybdenum- 
vanadium steels. The methods by which the steels were 
prepared and the aluminium additions per ton are noted. The 
McQuaid-Ehn method, the quenching method, and the martensite- 
etch method are among those discussed. The particular char- 
acteristics and field of utility of each method are considered. 

The Cold Deformation and Recrystallisation of Metal Crystals with 
Particular Reference to Alpha-Iron. J. W. Rodgers. (Iron and 
Steel Institute, Oct., 1938; this Journal, p. 21 Pr). An X-ray exam- 
ination of the recrystallising properties of single crystals and poly- 
crystals of «-iron shows that the tendency of metal crystals to 
recrystallise after cold deformation is greater if the deformation 
takes the form of compressive strains, such as cold-rolling, than 
ifit takes place in tension. A tentative theory is put forward in which 
the supposition is made that there are two types of plastic flow : 


(1) Easy flow along the normal glide directions, which does not 
appear to change the mechanical state of the metal to any 
great extent. 

(2) Difficult flow, which takes place across the normal glide 
directions and causes a considerable rise in the internal 
energy of the metal; this is accompanied by an increased 
tendency to recrystallisation and a considerable increase 
in penetration hardness. 


It is suggested that tensile stresses promote easy flow and 
compressive stresses promote difficult flow. 

It is also shown that this theory fits in with certain experimental 
observations on the grain growth after cold deformation. 
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Finally, some industrial cold-working processes are reviewed in 
the light of the theory, and suggestions are made as to their effect 
upon the work-hardening and recrystallising properties of metals. 

The Conversion of Solid Cementite into Iron and Graphite. H. A. 
Schwartz. (Iron and Steel Institute, Oct., 1938; this Journal, p. 
205 Pp). The paper attempts to present with reasonable brevity a 
summary of the past quarter century of research in the author’s lab- 
oratory and elsewhere with regard to the reaction Fe,C = 3Fe +- C. 
Our knowledge of the heat, entropy and free-energy changes accom- 
panying the reaction are still unsatisfactory owing to the imperfections 
in the best existing work on the underlying data. Some evidence is 
offered regarding the possibility of the existence of two types of solid 
solutions and the relationship of this possibility to the constitutional 
diagram, especially the A, or G@’S’ line of the double diagram. 

The graphitising reaction is viewed as a multi-stage process, 
involving in some sequence the formation of graphite nuclei, the 
solution of cementite in iron, its dissociation into the elements iron 
and carbon, the migration of carbon either before or after dissocia- 
tion and crystallisation of graphite. During most of its progress 
the reaction velocity is shown to be controlled by the migratory 
rate, this being then the slowest step except at the very beginning 
and end of the process. The graphitising rate is thus in fact 
mainly a function of the nodule number and migratory rate. The 
nodule number is determined largely by the prevalence of interfaces 
in the metal at the graphitising temperature. The number of inter- 
faces is dependent upon the fineness of the original white-iron struc- 
ture, which in turn is a function of the cooling rate. Supercooled 
white cast iron, the matrix of which is hypereutectoid in composition, 
may carry additional interfaces into the graphitising temperature 
range. For a given set of interfaces the nucleus number is, further, 
a function of the graphitising temperature, the oxygen content of the 
metal, and perhaps of many other variables of the melting operation. 

The migratory rate of carbon is influenced mainly by the presence 
of other alloying elements. Certain elements present in atomic 
solution or as chemical compounds appear to retard the migratory 
rate, whereas a few accelerate graphitisation, probably by increasing 
the migratory rate. The effectiveness of the elements of group VI. 
of the periodic table on the migratory rate and the fact that the 
effectiveness of elements in a given group often decreases with 
increase of the atomic weight may interest those studying metallurgy 
from the electronic viewpoint. 

This paper records no new observational facts. It does attempt 
to present the graphitising process in a form sufficiently coherent to 
give to future students some guidance as to how their observations 
may be usefully fitted into what is already known so as to make their 
data most valuable. Incidentally the many obvious gaps in our 
understanding as here correlated may guide others into interesting 
and fruitful fields of investigation. 
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The Iron/Iron-Silicide (FeSi)/Graphite System. H. Jass and H. 
Hanemann. (Giesserei, 1938, vol. 25, June 17, pp. 293-299). The 
authors describe how an investigation was carried out on a series of 
samples of iron-silicon alloys, the analyses and crystalline structure 
of which were examined. The binary eutectic curves of the graphite 
system covered a range from 423% carbon at 1,152° C. on the carbon 
side, to 21-2% silicon at 1205° C. on the silicon side. The values 
obtained agreed approximately with those of Gontermann. Those 
of Honda and Murakami were lower, and those of Wiist and Peter- 
sen were higher. The approximate equation which applies up to 
about 3% of silicon is C% = 4:23 — (Si%/3-2). In the curves 
obtained it was seen that the eutectic change did not occur above 
about 8% of silicon. Above 10% of silicon the structure showed only 
primary and eutectic grains. At 16% of silicon the e and 8 phases 
appeared and above 20% all the carbon was in solution. In spite of 
the carbon content of the specimens corresponding to that of the 
eutectic, the structure always showed dendrites. As the silicon 
content increased, other conditions remaining the same, the eutectic 
graphite became finer. A three-dimensional diagram of the 
iron/iron-silicide/graphite system was developed from the results of 
the investigation. 

On the Allotropy of Stainless Steels. F.M. Becket. (American 
Institute of Mining and Metallurgical Engineers, Technical Publica- 
tion No. 925; Metals Technology, 1938, vol. 5, June). The author 
examines the allotropy of some industrial stainless steels with special 
reference to the less generally recognised allotropic changes. In the 
plain chromium stainless steels containing very low carbon and 
chromium up to about 30%, ferrite is the sole allotropic phase. If 
the carbon increases, austenite makes its appearance at elevated 
temperatures and results in the usual decomposition products of 
austenite. When the chromium content exceeds about 20%, the 
phenomenon of brittleness at 475°C. makes itself evident. As the 
chromium increases beyond about 30%, a new phase, sigma, makes 
its appearance. This phase is stable only at relatively low tempera- 
tures, and it is formed only from ferrite. The introduction of austen- 
ite-forming elements results first in the formation of two-phase 
alloys in which the ferritic constituent decreases as the austenitic 
element is increased. 
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The Application of the Micro-Geometry of Surfaces to the Study of 
Corrosion. P. Nicolau. (Métaux et Corrosion, 1938, vol. 13, June, 
pp. 101-113). One method of determining the degree of resistance 
to corrosion offered by a metallic surface is that of making surface 
profile measurements before and after subjecting the sample to the 
corrosion test. In this paper the author discusses the geometry of 
surface measurement and the principles on which several types of 
surface measuring instruments work. Some optical, electrical and 
pneumatic instruments are described in detail. 

New Methods of Investigating Corrosion. F. Miiller. (Zeitschrift 
des Vereines deutscher Ingenieure, 1938, vol. 82, July 16, pp. 841- 
845). The author examines the electro-chemical theory of corrosion 
under the following headings: The formation of elements by electro- 
lytic action of parts made of two metals, the electromotive behaviour 
of hydrogen, the corrosion of material which is almost chemically 
pure, protective coatings, inhibitors and their effects, and the 
application of theoretical knowledge to the protection of metals. 
A special section deals with the measurement of corrosion by 
electrical instruments. 

Effect of Pressure on the Passivity of Various Metals. C. A. 
Littler and H. V. Tartar. (Electrochemical Society, Oct. 12-15, 
1938, Preprint 74-4). The object of the work presented in this 
paper was the determination of the effect of reduced pressure on 
the periodic passivity of certain metallic anodes. Anodes of iron in 
sulphuric and nitric acids, and of copper in hydrochloric acid, have 
been found to remain completely active under reduced pressure as 
long as the metal is projecting above the surface of the solution. 
Iron in sulphuric acid loses its periodic behaviour when the metal is 
protected by a wax coating at the surface of the solution. Reduced 
pressure maintains the activity of iron completely immersed in 
nitric acid, but does not produce activity in iron already passive. 

Pit Corrosion of Stainless Steel. H.A. Smith. (Metal Progress, 
1938, vol. 33, June, pp. 596-600). Users of tanks, piping, digestors 
and evaporators made of stainless steel sometimes complain of tiny, 
pinhole-like leaks which are often the result of pit corrosion. There 
are three major causes of this: (1) Pitting may be initiated by the 
evaporation of drops of solution on the steel, thus concentrating the 
solution locally to a point where the steel is attacked in these 
restricted regions. (2) Foreign inert material such as wax, sand, 
rubber, plastics or wood in intimate contact with the steel in a 
solution will often start pit corrosion. (3) Solid matter, either inert 
or potentially active, coming to rest and remaining in intimate 
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contact with the steel during periods of evaporation will cause 
pitting by a combination of (1) and (2). A sensitive, quantitative, 
chemical method of determining the relative susceptibility to pit 
corrosion of samples of stainless steels in four hours has been 
developed and is described in this article, and results obtained with it 
are discussed. The data obtained showed that: (1) Passivification 
(chemical finish by chromic acid) definitely increases the resistance 
of steel containing 18% of chromium and 8% of nickel to pitting. (2) 
The degree of resistance of an 18/8 steel increases directly with the 
degree of polish. (3) The order of decreasing resistance to pitting 
of the various compositions of steel is as follows : (a) 18% Cr, 12% 
Ni, 3% Mo. (b) 18% Cr, 8% Ni, 25% Si. (c) 18% Cr, 8% Ni. (d) 
16% chromium-iron. (e) 18% Cr, 10% Ni plus niobium. (f) 18% 
Cr, 8% Ni plus selenium. (g) 19% Cr, 9% Ni plus titanium. 

The Corrosion of Underground Cast-Iron Pipes and Mains. C. M. 
Wichers. (Korrosion und Metallschutz, 1938, vol. 14, May, pp. 
166-168). The author discusses the corrosive effects of different 
kinds of soil on cast-iron pipes and classifies the types of attack on the 
metal which take place when sulphate reduction has occurred 
adjacent to or near the pipe, when the soil is acidic and when it is 
alkaline. 

Boiler Corrosion and the Formation of an Oily Siliceous Scale when 
Using Condenser Water Containing Oil for the Feed. H. Ditz and 
F. Ullrich. (Korrosion und Metallschutz, 1938, vol. 14, May, pp. 
141-150). In this article the author attempts to explain the effect of 
the oil content of feed water on boiler scale formation by the study of 
practical examples. The examination of scale taken from boilers 
and preheaters showed that this contained not only oil soluble in 
chloroform, but also particles of an acid nature only soluble after 
previous acid treatment, the latter being present in the form of 
soap. It was found that there was also present an organic alkaline 
substance due to the decomposition of oil by heat. Tests showed 
that a pure mineral oil would only cause corrosion when oxygen is 
also present. Another cause of corrosion is that the intimate mix- 
ture of oil with the oxygen which forms on the walls leads to oxida- 
tion of the oil and the formation of organic acids. The effect of 
oil on the commencement and progress of corrosion is influenced by 
other considerations such as the type of boiler, its working conditions, 
the composition of the scale and the method employed to remove it. 

The Removal of Gases from Boiler Feed Water to Prevent Cor- 
rosion. O. T. Koritnig. (Korrosion und Metallschutz, 1938, vol. 
14, May, pp. 151-154). After considering the corrosive effect of 
gases in boiler feed water the author proceeds to a discussion of the 
various methods of removing them. He places these in the following 
groups: (a) Removal by boiling. (b) The vacuum process. (c) 
Chemical processes. (d) Electrical processes. Of these the vacuum 
process is the most important, and adaptations of this to suit the 
temperature and hardness of the water to be treated are described. 
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New Appliance for Charging Furnaces for the Determination of 
Oxygen in Steel by the Hot Extraction Process. F. Willems. (Archiv 
fiir das Kisenhiittenwesen, 1938, vol. 11, June, pp. 627-628). A 
new appliance for inserting the test specimens into the reaction tube 
of the carbon-spiral furnace for determining the gases, principally 
oxygen and hydrogen, in iron and steel, which shall meet better the 
requirements of works laboratories is described and illustrated. 

The Importance of Hydrogen-Ion Concentration for the Estima- 
tion of Molybdenum and Vanadium by the Oxine Method and on the 
Solubility of Oxine in Various Solvents. H.Goté. (Science Reports 
of the Tohoku Imperial University, 1938, vol. 26, Apr., pp. 418- 
428). In the determination of molybdenum and vanadium with 
oxine, the effects of the pH values of the solutions on the quantities 
of precipitates were investigated. The pH range for perfect pre- 
cipitation and its limits at which each metal would give no pre- 
cipitate were determined. The results are shown graphically by 
curves, which indicate clearly the feasibility of the separation of 
molybdenum and vanadium from other metals. The solubility of 
oxine in aqueous, alcoholic and acetone solutions of various pH 
values was determined and is given in curves. It is difficultly soluble 
at pH = 5-5-8-5, the solubility being increased a little by the 
addition of alcohol or acetone. The solubility in 10% alcoholic 
and 5% acetonic solutions is about double, while in 10% acetonic 
solutions it is more than treble that in the aqueous solution. 

Rapid Methods of Microchemical Analysis for the Determination 
of Phosphorus, Chromium and Aluminium in Steel. W. Koch. 
(Technische Mitteilungen Krupp, Forschungsberichte, 1938, No. 2, 
May, pp. 37-46). The author describes in detail rapid methods of 
microchemical analysis for the determination of phosphorus, 
chromium and aluminium in plain and alloy steels; all three 
methods depend on the use of the photometer. The elements 
mentioned above can be estimated in 10 min., 15 min. and about 
1 hr., respectively. The methods can be used for determining the 
most minute quantities, and give more accurate results than the 
more usual processes ; they can be carried out on very small samples, 
10-200. mg. being sufficient. 

Microchemical Analysis, Its Importance and Application in Modern 
Iron and Steel Works Laboratories. P. Klinger. (Technische 
Mitteilungen Krupp, Forschungsberichte, 1938, No. 1, May, pp. 
33-36). A general discussion of the apparatus required for carrying 
out microchemical analyses is presented ; the importance of such 
analyses in iron and steel works is pointed out. 
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Contribution on the Electrolytic Determination of Non-Metallic 
Inclusions in Steel. A Process for Estimating Silica, Alumina, 
Ferrous Oxide, Manganous Oxide, Iron Sulphide and Manganese 
Sulphide. P. Klinger and W. Koch. (Technische Mitteilungen 
Krupp, Forschungsberichte, 1938, No. 3, May, pp. 49-65). (See this 
Journal, p. 118 4). 

Spectrographic Analysis at a Large Technical Laboratory. A. 
Mankowich. (Metals and Alloys, 1938, vol. 9, June, pp. 131-137). 
The wide variety of materials to be tested at the laboratory with 
which the author is connected demanded the use of rapid and 
accurate methods of examination, and the author describes in this 
article the Littrow type of spectrograph which was installed to meet 
these demands. Methods for the preparation of synthetic standards 
are indicated, and attention is drawn to the fact that many standards 
can be prepared from materials found in every laboratory. Reasons 
are given to demonstrate that the graphite-electrode/solution 
methods are preferable in a busy laboratory that cannot wait for 
metallic electrodes to be machined from the substance to be analysed. 

The Spectroscope Department of Liége University. P. Swings. 
(Revue Universelle des Mines, 1938, vol. 14, May, pp. 391-395). The 
author discusses the importance of spectroscopic analysis to metal- 
lurgy and describes briefly some of the spectroscopes in the Liége 
University laboratories. 
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Watker, T. R. “ Foundry Sands, with Special Reference to Steel 





Foundry Practice.’ (Griffin’s Industrial Text-Books. Edited 
by Percy Longmuir, No. 10). 8vo, pp.x + 134. Illustrated. 
London, 1938 : Charles Griffin & Co., Ltd. (Price 4s.) 


This volume forms one of the Griffin’s Industrial Text-Books, a series 
of practical works issued under the Editorship of Perey Longmuir. 
The author is Chief Chemist and Technologist to the English Steel 
Corporation, Ltd., and is well known in the foundry industry ; therefore 
the appearance of this volume dealing with the important subject of the 
control of moulding and core sands is most welcome and should be read 
by all steel founders, steelworks chemists and all engaged in the produc- 
tion of castings. Steel-foundry technique calls for scientific methods, 
and as Longmuir points out in his preface the so-called ‘‘ scientific aids ”’ 
have adequately proved their value on the strictly metallurgical side of 
foundry practice by the service rendered. The need for quantitative 
expression of the properties of foundry sands has brought about the 
evolution of sand-testing methods which are of increasing value to all 
those connected with the supply and use of such sands. In Chapter 1 
the author deals with the origin of sands and clays, and in Chapter 2 
with the important properties of foundry sands, such as plasticity, 
green and dry strength, permeability, refractoriness, uniformity, grain 
size and shape. In Chapter 3 the characteristics of sand grains and 
clays are described, in Chapters 4 and 5 methods and equipment for 
sand testing are explained, and the applications of sand testing are 
discussed in Chapter 6. In the next two chapters sands for dry-sand 
moulding and sands and clays for green-sand moulding are discussed, 
while in the two final chapters the author deals with core sands and 
mixtures, and the preparation and handling of sand. The book is 
written in a clear and concise manner, and its low price makes it readily 
available to students. 
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Refractory Materials. J. W. Mellor and A. T. Green. (British 
Refractories Research Association, London, Nov. 13, 1936: 
Chemistry and Industry, 1938, vol. 57, July 2, pp. 627-637). In 
this general article on refractory materials the authors commence 
with an account of the occurrence in Great Britain of the fireclays 
from which refractory bricks are made. They then go on to deal 
with the testing of the refractory properties by the use of Seger 
cones, refractoriness-under-load, after-expansion or contraction 
and reversible thermal expansion and spalling. The action 
of gases, vapours and slags on furnace linings, with particular 
reference to the action of carbon monoxide, cyanides and slags in 
blast-furnaces, are considered next. In conclusion the authors 
discuss some of the trends of the manufacture of refractory bricks 
such as increasing the density by de-airing, i.e., the extrusion of 
the stiff-plastic, clay-grog mix under vacuum, and the use of un- 
fired refractories such as the unfired magnesite brick to which a 
chemical bond is added before moulding. In the manufacture of 
the latter a very high moulding pressure is used, and this, combined 
with carefully controlled grain-size distribution, results in the 
production of an excessively dense brick. 

Firestone as a Refractory. H. Rayner. (Transactions of the 
American Foundrymen’s Association, 1938, vol. 9, June, pp. 831- 
838). Firestone has great resistance to both heat and abrasion, 
due to a combination of its peculiar granular structure and chemical 
analysis. It is practically free from lime and other alkalis, and is 
therefore a refractory material very suitable for lining the melting 
zone of a cupola. After this brief description of the material, 
the author gives its analysis and physical properties in greater 
detail, describes how it can be split up into sizes required and com- 
ments on the results of some test heats which showed great economies 
when compared with the refractory previously used. 

Design for a 930 cu. m. Blast-Furnace Lining Made of Large 
High Grog Content Bricks. V. Rybnikov. (Stal, 1938, No. 1, 
pp. 10-20). (In Russian). Complete details of the design, includ- 
ing size, shape and number of bricks to be employed, are given and 
the construction of the lining of the various parts of the shaft is 
described. On the whole, bricks of 35 different shapes are required, 
the total number of bricks amounting to 20,743 and their weight 
to 1834 tons. The distribution of bricks by weight is as follows : 
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The refractory material itself has been developed by the Leningrad 
Institute of Refractories and has since been produced by a number 
of Russian works. Russian clay is used as the raw material. The 
material has an apparent porosity of 11-16% and a mechanical 
strength of 600-1000 kg. persq.cm. Itis highly resistant to thermal 
shock and has a high softening temperature. In conclusion some 
recent experimental work on the production of still higher grade 
blast-furnace refractories is reported. 

Refractories and the Coke Oven. (Coal Carbonisation, 1938, 
vol. 4, June, pp. 94-96). In a discussion on the selection of the 
most suitable refractory materials for lining coke-ovens and re- 
generators and for oven repairs, it is stated that too much 
emphasis is placed on the specific gravity and porosity of silica 
bricks, and that these factors ought to be replaced, or at Jeast 
augmented, by a factor based on permeability. The need for a 
standard specification to govern refractory materials for coke- 
ovens, distinct from that now in use which was formulated to meet 
the requirements of the gas industry, is stressed. 

Some Results Obtained with Chrome-Magnesite Bricks in Open- 
Hearth Steel Furnaces. A. E. Dodd. (Transactions of the Ceramic 
Society, 1938, vol. 37, Aug., pp. 339-342). The author describes 
two service trials with chrome-magnesite bricks, which in laboratory 
tests had shown remarkable spalling resistance and refractoriness- 
under-load. In the first, the gas ports and blocks of a 70-ton 
basic furnace were built of the bricks to be tested, set dry and 
separated by steel strips. During the second week of working it 
was noticed that the inner face of the gas-port arch was crumbling 
and pieces began to fall from the arch on to the gas slopes. When 
the furnace was dismantled after 20 weeks’ working, it was observed 
that at a short distance from the exposed face the chrome-magnesite 
had developed a reddish colour, quite different from the brownish- 
purple of the unused bricks, and a crust of magnetic oxide of iron 
had formed on the brick surface. In a second trial, parts of the 
air uptakes of a 200-ton tilting furnace were lined with the bricks. 
After a campaign of 22 weeks, the bricks had worn from an original 
thickness of 9 in. to a final thickness varying between 1} in. and 3 in. 
This loss by flaking may be due to the formation of narrow zones 
behind the working face, and the author advances the theory that 
if these zones are due to the absorption and migration of slag and 
impurities, the flaking may be a physical spalling due to differences 
in the thermal expansion of the zones. 

Some Factors Influencing the Durability of Chrome-Magnesite 
Bricks in Basic Open-Hearth Steel-Making Furnaces. W. Hugill 
and A. T. Green. (Transactions of the Ceramic Society, 1938, 
vol. 37, July, pp. 279-288). In this paper the authors report the 
results of their investigations on the causes of the deterioration 
and crumbling of chrome-magnesite bricks taken from a basic 
open-hearth furnace which had been subjected to very severe 
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conditions and had given 190 heats. Chemical and microscopic 
methods of analysis were applied. The authors summarise the 
mechanism of the disintegration as follows: (1) Iron oxide is 
absorbed by the hot face of the bricks. In this zone the grains 
of chromite grow by taking up magnetite into solid solution. The 
matrix, which is relatively rich in magnesia, is largely converted 
into the less refractory magnesio-ferrite and meta-silicates. (2) 
The strains set up by the growth of the chromite grains induce : 
(a) A crumbling disintegration of the working face; (6) a movement 
of the mobile matrix within the brick until it reaches a zone where 
the temperature is such that it can solidify; (c) a layer about 
3-1 in. thick to be formed by this process. (3) When the hot face 
has been worn back further by disintegration, the temperature 
rises at the second zone, liquefaction again takes place, with the 
result that a more serious breakdown of the surface occurs. 

Effect of Fluxes on Cupola Linings. C. K. Donoho and J. T. 
MacKenzie. (Bulletin of the American Ceramic Society, 1938, 
vol. 17, Aug., pp. 317-321). The authors, after briefly reviewing 
the mechanism and types of attack on cupola linings with particular 
reference to chemical attack and factors affecting the composition 
of slags, proceed to a discussion of the methods of testing re- 
fractories for cupola service. They show that the operating con- 
ditions and fluidity of slags are the most important factors in 
determining the degree of attack upon cupola linings. 

The Behaviour of Refractory Materials under Torsion at Different 
Temperatures. A. L. Roberts and J. W. Cobb. (Transactions of 
the Ceramic Society, 1938, vol. 37, July, pp. 296-309). The authors 
emphasise the importance of measuring not only the rigidity 
modulus, but also the ultimate shear strength of a refractory 
when attempting to assess the significance of the mechanical 
properties in relation to the resistance to spalling. In the first 
part of their paper they describe the apparatus used to measure 
the ultimate shear strength at atmospheric and at elevated tem- 
peratures, and in the second part they discuss the results obtained 
when using it to ascertain the ultimate shear strength of kaolin 
and kaolin-quartz mixtures. 
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The Production of Minerals in the Ruhr District in 1937. H. 
Meis. (Gliickauf, 1938, vol. 74, Aug. 6, pp. 669-673; Aug. 13, 
pp. 695-698). An account is given, together with numerous 
tables, of the quantities of coal, coke, by-products and gases pro- 
duced in the Ruhr district in 1937. 

The New Super-Pressure Boilers and Power-Plant at the Scholven 
Colliery (Ruhr). (Colliery Guardian, 1938, vol. 157, Aug. 19, 
pp. 362-364). A description is given of the boilers and power- 
station erected in 1929 at the Hibernia Colliery, Ruhr. There 
are six boilers working at 413 lb. per sq. in. and 425° C. steam 
temperature and two 25,000-kW. turbo-alternators. The boilers 
are controlled from a control-room where the entire operations 
are indicated and recorded. The supply of water to the feed- 
pumps, the air supplied by the fans and the pulverised fuel by the 
belts are all remote-controlled. All parts of the boiler in contact 
with the superheated steam are made of a special steel known as 
“Cs 65,” which for the dimensions used has a creep safety factor of 
2 at 125 atm. and 590° C. steam temperature, besides being sufficiently 
safe from chemical attack by decomposed steam. 

New Boiler Plant at Beardmore Steelworks, at Glasgow. (Fuel 
Economist, 1938, vol. 14, July, pp. 231-235; Aug., pp. 280-282, 290). 
In these two articles a description is given of the new boiler plant 
and steam-storage accumulators at the Parkhead Works of William 
Beardmore and Co., Ltd. This comprises three three-drum water- 
tube boilers working at 275 lb. per sq. in. and 464° F. and two 
accumulators 75 ft. long and 11 ft. 3 in. in dia. 

Blast-Furnace Gas-Fired Boilers at Debray Power Station, 
Detroit. (Engineering, 1938, vol. 146, Aug. 19, pp. 207-209). 
A description is given of the boiler furnaces and pipe-line by which 
the Detroit Edison Co. utilise the surplus blast-furnace gas from 
the works of the Great Lakes Steel Corporation which are ? mile 
distant. The gas supplies approximately 20% of the fuel require- 
ments of the power-station, coal being used for the remainder. 
Heat balances have shown that, as compared with coal-firing, the 
simultaneous firing of coal and blast-furnace gas results in higher 
superheated-steam temperature, higher stack loss, higher auxiliary- 
power requirements and lower ashpit loss. 

Boiler Operation as it Affects Prime Movers. 8. E. Tray. 
(Mechanical Engineering, 1938, vol. 60, June, pp. 475-480). The 
author presents a study of the effects of boiler-water condition, 
boiler operation and quality of steam on turbine efficiency. He 
examines the causes of priming, foaming and carry-over and 
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describes a recording conductivity meter which affords a means of 
measuring the quantity of impurities in steam. This meter is 
simply a recording ammeter connected in series with a conductivity 
cell through which a sample of condensed steam flows continuously. 
After discussing the composition of deposits formed on turbine 
blades, the author concludes by touching on the subject of the 
elimination of solids in steam. 

Heat-Transfer Coefficients in Staggered Tube Banks. C. C. 
Winding. (Industrial and Engineering Chemistry, 1938, vol. 30, 
Aug., pp. 942-947). The author describes the apparatus and pro- 
cedure used to test the effect of shape on the heat-transfer co- 
efficient of steel tubes. Tubes of three different sections were 
used—namely, round, stream-lined and oval. Although stream- 
lined tubes gave a much lower pressure drop through the tube 
bank, this advantage was offset by lower coefficients of heat transfer 
in all rows except the first and second. The oval tubes gave definitely 
lower rates of heat transfer than either of the other two shapes. 

A Spectroscopic Method of Determining the Temperature at 
Different Points in a Flame or Arc. P.Coheur. (Revue Universelle 
des Mines de la Métallurgie des Travaux Publics, 1938, vol. 14, 
Aug., pp. 650-652). After briefly reviewing some methods of deter- 
mining flame temperatures, the author describes a means of doing 
this using the spectroscope. An image of each part of the flame 
or are is obtained at the aperture of the spectroscope, and the 
temperature is determined by measuring the relative intensity of 
the “ rotation bands,’’ due to the rotation of the molecules, emitted 
from the point under examination. The author explains the 
mathematics of the process, which are involved, but states that the 
practical application is relatively simple. 

Long and Short Flames in Industrial Heating. A. M. Capper. 
(American Gas Association Conference on Industrial Gas, Mar. 7 
and 8, 1938: Heat Treating and Forging, 1938, vol. 24, Apr., 
pp. 201-205). After explaining that the slow mixing of air and 
gas causes long, luminous flames, and that rapid mixing causes 
short, clear flames, the author discusses the advantages claimed 
for the use of each type as applied to heating furnaces. The 
advantages of the use of long flames are (1) increased rate of heat 
transfer, (2) more uniform temperatures, (3) less maintenance 
of refractories, and (4) reduction of oxidation or scaling ; whilst those 
claimed for short flames are (1) better control of furnace atmo- 
spheres, (2) less combustion volume required, (3) lower initial 
cost, and (4) elimination of smoke. 

Gas-Immersion Heating. J.B. Nealey. (Steel, 1938, vol. 102, 
June 27, pp. 35-36, 62). The author describes a number of gas- 
immersion heaters used for the melting of soft metals. The principle 
of this form of heating is that the combustible gases are fed through 
a tube or tubes to a burner and combustion chamber which are 
immersed in the bath. The thermal efficiency is therefore high. 
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The use of this method for heating type-metal for printing and tin 
for tin-plating is discussed. 

Preparation of Thin Sections of Coal. R. Thiessen, G. C. 
Sprunk and H. J. O’Donnell. (United States Bureau of 
Mines, 1938 Information Circular No. 7021). In the course of 
extensive investigations to correlate the microscopical analyses 
of various American coals with their gas- and coke-producing 
properties, the Bureau of Mines improved their coal-sectioning 
technique. In this paper the authors describe this technique in 
detail, showing (1) how to take a carbonisation sample from the 
mine; (2) how to remove a column of coal from the mine for 
subsequent macroscopic examination and microscopic analysis ; 
(3) the method of preparing for microscopic study relatively large 
blocks representing the entire column of coal; and (4) the pre- 
paration of thin sections of the column of coal for microscopic 
analysis. 

Petrology and the Classification of Coal. C. A. Seyler. (Pro- 
ceedings of the South Wales Institute of Engineers, 1938, vol. 53, 
pp. 254-327: Fuel in Science and Practice, 1938, vol. 17, June, pp. 
177-186; July, pp. 200-209; Aug., pp. 235-242). In a detailed 
discussion the author reviews the attempts to classify coal which 
have been made during the last hundred years and gives details of 
his own recent work. He stresses that coals of the same elementary 
composition may have very different volatile matter contents and 
properties if their petrology is different. 

Modern Microscopic Methods of Studying and Testing Bituminous 
Coals. A. Salmony. (Colliery Engineering, 1938, vol. 15, Sept., 
pp. 298-300). The author explains the principles applied in the 
study of thin specimens of coal in transmitted light by means 
of the polarisation microscope, and by the reflected-light method 
using a high-grade research microscope in conjunction with an 
efficient and reliable camera. He also describes some of the latest 
types of instruments used for these examinations. 

Chemical and Physical Properties of Spores from Coal. G. C. 
Sprunk, W. A. Selvig and W. H. Ode. (Fuel in Science and 
Practice, 1938, vol. 17, July, pp. 196-199). This paper embodies 
the results of an investigation of a sample of high-ash spore coal 
undertaken by the United States Bureau of Mines. The spores 
were loosely embedded in the coal mass and were easily separated 
by crushing, washing and flotation. The cleaned spores were 
analysed and tested for agglutinating value, and the yields of coke 
and .by-products were determined by means of the Fischer low- 
temperature assay. The results of the tests are given, together 
with tables of analyses and micrographs. 

The Settling Rates of Coal and Shale in Water. R. T. Hancock. 
(Colliery Guardian, 1938, vol. 157, Sept. 2, pp. 411-414). Com- 
mencing from a table which shows the free-falling velocities in 
water at 68° F. for particles of an imaginary mineral, having a 
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sp. gr. of 2-0, in relation to the diameter of the particles, the author 
goes on to show how the hindered-settling velocities of any mineral 
of known specific gravity and grain size at a given degree of dis- 
persion can be ascertained. In the mathematical discussion which 
follows examples are given of the author’s method of calculating 
settling rates so that the results can be applied to determine the 
size of plant to be used. 

The Flocculation of Coal Slurries. E. Tomalin. (Journal of 
the Society of Chemical Industry, 1938, vol. 57, June, pp. 175-178). 
In a previous paper on this subject (see Journ. I. and §.I., 1938, 
No. I., p. 111 a) the author described the results of an investigation 
of the effect of various reagents on coal slurries of three types 
classified according to particle size. These investigations have now 
been repeated, using the same experimental technique, on slurries 
prepared from a coal of a different type with the object of further 
substantiating the existence of more than one type of flocculation 
mechanism. A comparison of the results now obtained with those 
of the previous investigation shows that they are qualitatively 
the same, and they thus support the conclusion that flocculation 
is the result of at least two processes, one a normal colloidal floccula- 
tion of the small particles contained in the slurry, and the other the 
aggregation of the large particles by a process which is as yet only 
imperfectly understood. It would thus appear that in selecting a 
reagent for the treatment of a particular slurry, attention should 
be paid to both of these flocculation mechanisms. In particular 
where complex reagents are used, which contain both an electrolyte 
and a lyophilic colloid, it would seem that due attention should be 
paid to the relative proportions of colloidal and semi-colloidal 
constituents of the slurry to those particles which are too large to 
be flocculated by electrolytes. 

Slurry. C. W. H. Holmes. (Colliery Engineering, 1938, 
vol. 15, July, pp. 220-223). The author describes the principles 
upon which slurry-recovery plants are operated at most English 
collieries. By applying the formula that the percentage of sludge 
recovered from the feed water is equal to 


100 (% solids in feed — % solids in effluent) 
% solids in slurry — % solids in effluent 





to data of the weight-percentages of solids between the various 
meshes of sieves, he shows that the percentage of solids recovered 
is much less than that expected. In the concluding part of his 
paper he discusses the ash content of the slurry recovered. 

The Production and Treatment of “Slurry” in Coal-Washing 
Plants. F. Hopkinson. (Colliery Guardian, 1938, vol. 156, 
June 24, pp. 1135-1137). After describing the principles of the 
treatment of slurry in coal-washing plants, the author explains 
why the quantities of solids in the wash-water vary as the process 
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continues, and demonstrates this by reference to some tables show- 
ing the percentages of various sizes of solids from hour to hour. 
He then discusses how the quantity of water-pollution solids may 
be reduced, but not eliminated, by removal of the bulk of the dust 
prior to washing. The points to be observed in the purchase of a 
water-clarification plant and slurry-recovery and de-watering plant 
are examined in detail. 

Recent Research on the Construction of Vibrator-Type Screening 
Machines. F. Goébel. (Mitteilungen aus den Forschungsanstalten 
des Gutehoffnungshiitte-Konzerns, 1938, vol. 6, Aug., pp. 180- 
194). The author in this mathematical paper discusses the theory 
of the movement of vibrating screens for the screening of ore, slag, 
coal and coke. 

Results Obtained by the Birtley Process of Coal-Cleaning in the Pas- 
de-Calais. C. Berthelot. (Revue del’Industrie Minérale, Mémoires, 
1938, June, No. 417, pp. 225-233). The Birtley pneumatic process 
of coal cleaning and separation is described, and the results obtained 
and costs of working the plant at some collieries in the Pas-de-Calais 
are discussed. 

Factors Affecting the Application of De-Dusting. (Colliery 
Engineering, 1938, vol. 15, Sept., pp. 288-289). It has been noted 
that the number of coal-cleaning plants without de-dusting equip- 
ment installed at collieries has increased within the last two years. 
In this article the economic aspect of the use of de-dusting plants 
is discussed, and it is stated that no case can be made out for the 
universal application of de-dusting, although certain advantages 
can always be claimed for it. 

Pulverised Fuel in the Drop Forge and Press Shop. (Iron and 
Steel Industry, 1938, vol. 11, July, pp. 547-550; Aug., pp. 587- 
590). In this article the advantages of using pulverised fuel for 
forge furnaces are discussed, and it is stated that it can be used 
even for furnaces with a hearth as small as 18 in. by 18 in. The 
unit system, the independent-feeder system and the ring-main 
system of pulverised fuel-firing are described, and an account is 
given of the forge-furnace equipment at Albion Drop Forgings, 
Ltd., the Blackheath Stamping Co., Ltd., Smethwick Drop Forgings, 
Ltd., Thomas Firth and John Brown, Ltd., and William Jessop 
and Sons, Ltd. 

New Plant of the Waleswood Coking Co., Ltd. (Coal Carbonisa- 
tion, 1938, vol. 4, Aug., pp. 121-126: Colliery Guardian, 1938, 
vol. 156, June 17, pp. 1091-1094). A description is given of the 
new W-—D Becker coke-oven and by-product plant of the Waleswood 
Coking Company, Ltd. (See p. 196 4). 

New Coking Plant at Seaton Carew. (Coal Carbonisation, 1938, 
vol. 4, June, pp. 89-93; July, pp. 107-113). A description of the 
new coke-oven and by-product plant at the West Hartlepool 
Works of the South Durham Steel and Iron Co., Ltd. (See pp. 
128 a and 195 a). 
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Determination of the Swelling Properties of Coal during the 
Coking Process. H. S. Auvil and J. D. Davis. (United States 
Bureau of Mines, 1938 Report of Investigations No. 3403). 
Two electrically heated test-ovens differing in design were used 
to investigate the expansion properties of a group of coals. 
The effects of heating rate, density of charge, and applied load 
on a number of coals were investigated. The conclusions drawn 
from these experiments are: (1) The range and average of 
the heating rates in the plastic range in the test-oven must 
approximate to those in the oven to which the test results 
are to be applied; (2) the expansion—pressure ratios are very 
similar in the range of pressures in which the permissible thrust 
against a coke-oven wall must lie; (3) the expansion (or contrac- 
tion) determined at a given test density can be used as a basis for 
calculating the expansion which would occur at any other density ; 
(4) the expansion expressed as a percentage is an inverse function 
of the logarithm of the load under which the coal is coked; (5) 
the highest actual charge density in an oven in practice should 
be used in the interpretation of test results, because the maximum 
thrust against the oven walls will occur at the points of highest 
density ; and (6) the contraction of the charge in the pre-plastic 
range and of the coke are practically constant factors for different 
coking coals. 

The Suitability of Ruhr Coal for Coking at High and Medium 
Temperatures with Special Reference to the Preparation. A. 
Kircher. (Gliickauf, 1938, vol. 74, Aug. 27, pp. 725-732; Sept. 3, 
pp. 750-756). The author describes a series of tests on 5-kg. 
samples of coal in gas- and electrically-heated ovens at temperatures 
of from 600° to 1100° C. to determine the coking properties and 
best methods of preparing various Ruhr coals. It was found that 
the temperature at the end of the coking time has a marked influence 
on the mechanical strength of the coke produced. The strength 
of the coke could also be improved by adding finely-ground coke 
breeze to the charge and by grinding the coking coal so that 80- 
90% of the grains were lessthan 2mm. Particular attention must 
be given to the mixing of the charge. The information obtained 
applied equally to coking at medium and at high temperatures. 

The Heating of Coke Ovens by Producer Gas. P. G. Drury. 
(Coke Oven Managers’ Association, Midland Section: Colliery 
Guardian, 1938, vol. 157, Aug. 19, pp. 329-330). The author 
describes the use of producer gas at a battery of 18 Koppers half- 
divided combination ovens belonging to the Blackwell Colliery 
Co., Ltd. These ovens are designed for heating with rich or pro- 
ducer gas. Total underfiring can be effected by either gas, or any 
desired number of oven walls can be changed over to the alternative 
heating. 

The Future of Low-Temperature Carbonisation. A. Travers. 
(Revue Technique Luxembourgeoise, 1938, vol. 30, May-June, 
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pp. 72-78). The author reviews the progress made in the manu- 
facture of coke and the recovery of by-products with particular 
reference to conditions in France. In his opinion the policy of 
the French producers of fuel should be to continue to develop low- 
temperature carbonisation and the production of valuable light 
and heavy oils by hydrogenating the crude tar, instead of hydro- 
genating the coal itself. 

Low-Temperature Carbonisation : The Morgan Process. (Report 
of the Department of Scientific and Industrial Research : Colliery 
Guardian, 1938, vol. 156, June 10, pp. 1041-1043). An account 
is given of a test made on the carbonisation of Horden coal by the 
Morgan low-temperature process. In this process the coal is 
carbonised by being heated in a rotating retort with a charge of 
red-hot coke. The plant is of intermediate-scale size and has a 
throughput of 4-6 tons of coal per day. It is considered that 
full-scale commercial plants would work in connection with large 
steam-generating stations. In the concluding part of the report 
complete data relating to quantities of coal used, coke, tar and 
gases produced and the analyses and properties of these products 
are given. 

Modern By-Product Coking. (Fuel Economist, 1938, vol. 14, 
Aug., pp. 277-279). This article presents a survey of by-product 
plants for the production of benzole in Britain from benzole tars 
and cresyllic liquors. Three methods of increasing the yield of 
spirit are described: (1) In the “ Still’ method pipes are buried 
in the charge in such a way as to withdraw the products of dis- 
tillation from the centre without passing through the hot free space 
above the coking mass; (2) the Goldschmidt method consists in 
permitting all the gases to pass through ports leading from the free 
space to another rectangular space situated just above the oven 
roof. This space is maintained at about 750° C., and any desirable 
cracking which has not been completed in the oven itself is com- 
pleted in the Goldschmidt flue ; and (3) the Koppers system, which 
consists in extending the heating flue upwards, dampers being 
fitted to control the amount of heating gases which pass into the 
upper extension. The temperature of the free space can thus be 
controlled within quite narrow limits, so that the oven battery 
can be set to give those conditions which experience shows to be 
the best. The possibility of electrical coking is discussed in the 
concluding part of the article. It is considered likely that this 
process will be adopted within the next few years in Britain 
wherever conveniently adjacent electric power at moderate cost 
is available and large-scale and rapid coking output is required. 

‘The Graphical Representation of Gas-Producer Operation. 
R. Dawidowski. (Fuel in Science and Practice, 1938, vol. 17, 
June, pp. 164-171; July, pp. 210-217). The use of the Gibbs 
triangle for the graphical representation of the composition of 
producer gas has not found much favour. In this mathematical 
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discussion the author shows how to apply the Gibbs triangle method 
to the analysis of producer gas and how to make allowances in this 
method of representation for the products of low-temperature 
distillation which are present in addition to the gasification products. 

Electrical Precipitation. W. A. Schmidt and E. Anderson. 
(Electrical Engineering, 1938, vol. 57, Aug., pp. 332-338). The 
authors review the evolution and application of electrical pre- 
cipitation in industry and describe some modern equipment, 
including gas cleaners and a tar precipitator. 

Electrostatic Precipitator Applied to Cleaning of Dirty Fuel 
Gases. C. H. Carpenter. (Industrial Heating, 1938, vol. 5, July, 
pp. 618-622). In this article a description is given of an electro- 
static precipitator developed by the Lee Wilson Engineering Co. 
This precipitator consists of four major parts: (1) The power 
pack ; (2) the ionisation unit; (3) the plate or cell chamber; and 
(4) the housing enclosing the cell and ionisation unit. The 
power pack consists of a modified voltage doubling circuit which 
incorporates a magnetic leakage-type transformer, half-wave 
rectifier valves, and suitable heavy-duty condensers for smoothing 
out the voltage pulsations. This plant has been used with great 
success to clean coke-oven gas, from which it removed 98% of the 
solid impurities. 

Removal of Suspended Matter from Industrial Gases. R. R. 
Harmon. (Journal of the Institute of Fuel, 1938, vol. 11, Aug., 
pp. 514-527). After reviewing the history of gas cleaning, the 
author describes in detail each of the following methods employed : 
(a) Settling, (6) centrifugal force, (c) impingement, (d) filtration, 
(e) scrubbing, (f) electrical precipitation and (g) condensation. 
The nature of dust and the nature of gases are considered next, 
after which the author discusses the plant required, its limita- 
tions and the advantages to be gained by employing a combination 
of some of the above principles. The concluding part of the paper 
is devoted to a detailed description of the Peabody process, the 
interesting feature of which is the way in which the scrubbing 
medium is recirculated within the scrubber itself; this makes the 
scrubbing efficiency practically independent of the liquid through- 
put, and provides for rapid transfer of heat between the gas and 
the liquid. 

Catch Cupola Smoke. (Foundry, 1938, vol. 66, Aug., pp. 32, 
86). A description is given of a gas-cleaning and dust-collecting 
plant connected to two cupolas at an American foundry. A large 
suction fan draws the gases from the cupola stacks and discharges 
them into a water spray produced by rapidly revolving rollers. A 
slat conveyor extends across the bottom of the main spraying 
tank and removes the sludge. At the foundry in question the 
cleaning plant collects about 600 lb. of material per day. 

The Calculation of Pressure Loss in Pipe-Lines. M. Steffes and 
R. Welter. (Revue Technique Luxembourgeoise, 1938, vol. 30, 








duc 
and 
tio! 
Fis 
wat 
dis} 
tetz 


The 
of 1 
Eec 
193 
pro 
ind 
and 
Gla 
fact 
ee pl 
beir 
one 
pro 
inv< 

1 
66 Pr 
wer 
193: 
hyd 
This 
cess 
cont 
abot 








FUEL. 2694 


May-June, pp. 68-72). In this mathematical discussion the authors 
develop a method of calculating the loss of pressure which occurs 
when liquids and gases flow through pipe-lines. Its application 
to long-distance gas mains, as well as to lines the section of which 
is not circular, is discussed. 

The Utilisation of Coal with Particular Reference to the Pro- 
duction of Oil. C. Legrand and M. Simonovitch. (Fuel in Science 
and Practice, 1938, vol. 17, July, pp. 217-220). In this continua- 
tion of a previous series (see p. 199 A) the authors describe the 
Fischer-Tropsch process of producing petrol by the synthesis of 
water-gas using a suitable catalyst, and the Pott-Broche coal- 
dispersion process of oil production in which the coai is treated with 
tetralin, phenols, cresols and their higher homologues. 

The Production of Hydrocarbon Oils from Industrial Gases : 
The Process of Synthetic Oils, Ltd. W. W. Myddleton. (Journal 
of the Institute of Fuel, 1938, vol. 11, Aug., pp. 477-484: Fuel 
Economist, 1938, vol. 14, Aug., pp. 285, 290: Colliery Guardian, 
1938, vol. 157, Aug. 12, pp. 286-290). The author describes a 
process of producing motor spirit and high-grade Diesel oil from 
industrial gases. This process has passed the experimental stage, 
and a commercial plant is nearly completed at Bedlay Colliery near 
Glasgow. Advantages of this process are that products of satis- 
factory quality are obtained directly by the hydrogenation of the 
“ primary ” oil of synthesis without an additional cracking plant 
being required, and that it has been found possible to achieve in 
one passage of the gas through the reaction chamber the effect 
produced with rigorously purified gas by double passage, which 
involves double heating to reaction temperature. 

The New German Works for the Hydrogenation of Coal by the 
** Pott and Broche-I.G.”’ Process. A. C. Gillet. (Deutsche Berg- 
werks Zeitung, 1938, Mar. 31: Revue Universelle des Mines, 
1938, vol. 14, Aug., pp. 653-655). A brief account is given of a 
hydrogenation process now used at Bottrop in the Ruhr district. 
This differs from both the Bergius and the Fischer-Tropsch pro- 
cesses in that the coal is dissolved in a suitable solvent, the ash 
content is removed and the liquor is hydrogenated at a pressure of 
about 730 atm. 
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New Furnaces at Appleby-Frodingham Steel Co., Ltd., will 
make Pig from Lean, Local Ores. W. A. Haven. (Blast Furnace 
and Steel Plant, 1938, vol. 26, June, pp. 601-606; July, pp. 680- 
682, 693). After remarking upon the distribution of iron ore and 
coal deposits in Great Britain and showing in tabular form the 
iron ore consumed by districts in 1936, the author gives in the first 
part of this paper a description of the general layout and working 
of the blast-furnaces at the Scunthorpe works of the Appleby- 
Frodingham Iron and Steel Co., Ltd. Another table gives the 
operating data and analyses of the ore, sinter, pig iron, slag, top 
gas and coke used at a typical blast-furnace in this district. In 
the second part, the author deals in detail with the design of the 
new blast-furnaces and compares this with American design. 

Microscopic and Petrographic Studies of Blast-Furnace Materials. 
J. T. Whiting. (American Iron and Steel Institute: Blast 
Furnace and Steel Plant, 1938, vol. 26, June, pp. 585-589, 632 ; 
July, pp. 694-696, 715). This paper describes the aims of, and 
the results obtained by, this method of studying blast-furnace 
materials in their various stages of change from ore to pig iron. 
The first part of the paper deals with the difficulties experienced 
in using a sinter mix of New Jersey magnetites. A rapid 
method of preparing thin sections for petrographic examina- 
tion was to polish at least five samples from each sinter by grinding 
a fractured section to a flat surface and dry-polishing through 
stages down to 0000 French emery. After counting at least ten 
fields from each of the five specimens, the percentage of silicates in 
each field in relation to the total field visible was evaluated, and 
finally the average of the percentages of fifty fields was taken. 
This rough method proved to be reasonably accurate for the control 
of daily production. In the concluding part of this paper the 
author discusses the susceptibility of blast-furnace materials to 
the action of a reducing gas, and he presents the results of his 
examination of materials taken from two furnaces which had been 
blown out. Having described the filling before the blow-out, the 
blow-out procedure and the composition of the materials charged, 
he shows diagrammatically the approximate positions within the 
furnace of the ore in its successive stages of reduction. About 
120 samples were analysed, and the results were classified into 
three main groups: (a) Predominantly iron, (6) predominantly 
slag and (c) miscellaneous. He gives a selection of these analyses 
and discusses them in relation to the position in the furnace from 
which the relative sample was taken. 
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Iron Quality as a Problem of the Steel Industry. H.W. Graham 

and H. K. Work. (Blast Furnace and Steel Plant, 1938, vol. 26, 
June, pp. 595-597 ; July, pp. 697-699). In this paper the authors 
discuss the physical and chemical composition of the burden, the 
rate of driving and the temperature of the blast-furnace, and how 
variations of these affect the product. With regard to the formation 
of cyanides, investigation has shown that a movement of unreduced 
oxides of iron into the tuyere zone will greatly increase their forma- 
tion and will also raise the nitrogen content of the iron. In con- 
clusion, the authors consider the effects of sulphur, carbon, nitrogen, 
oxides and non-metallic inclusions on the properties of steel in so 
far as these have their origin in the iron from which the steel was 
made. 

Estimating the Coke Consumption of Blast-Furnaces. E. 
Senfter. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Aug., 
pp. 49-64). The author solves the problem of avoiding lengthy 
and costly trials on blast-furnaces for the purpose of ascertaining 
the coke consumed in the reduction of low-grade German iron 
ores by means of calculations based on the total quantity of heat 
required, the heat losses to the furnace walls and the calorific value 
of the coke. He gives an example of the application of his method 
by calculating the amount of heat required to reduce 1 ton of Dogger 
ore. The concluding part of the paper deals with the heat lost in 
slag formation and to the furnace linings. 

On the Theory of the Movement of the Charge and Gases in the 
Blast-Furnace. A. Sarkisyants. (Stal, 1938, No. 1, pp. 3-9). 
(In Russian). In a descriptive article, the author examines such 
questions as the volume of the reaction zones round the tuyeres, the 
shrinkage of the charge as a result of the burning away of the fuel and 
melting, and the movement of the charge which results from this 
shrinkage. This movement is least near the centre of the furnace 
and greatest vertically above the reaction zones round the 
tuyeres. The movement of the blast and of the reaction gases is 
distributed in much the same way as that of the charge, and this 
in turn leads to the charge near the centre of the furnace being 
brought insufficiently into contact with the blast. The author 
then goes on to consider the pressure exerted by the charge on the 
furnace, and in particular on the bottom of the furnace. The 
distribution of this pressure on the bottom of the furnace depends 
on whether it is in contact with the solid charge or with the molten 
metal and slag. This discussion in turn leads to a consideration of 
the mechanical interaction between the molten and solid parts of 
the charge in the furnace and the movements of the supernatant 
charge resulting from tapping. In conclusion hypothetical paths 
taken by individual pieces of the charge and the relation to them of 
the paths taken by the blast and reaction gases are discussed. 

Reducing the Load on the Blast-Furnace by Preheating the 
charge. K.Guthmann. (Stahl und Eisen, 1938, vol. 58, Aug. 11, 
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pp. 857-865). As a result of mathematical investigations, as well 
as from the experience gained after smelting several thousand tons 
of low-grade German ores, a technique has been developed by 
means of which both the coke consumption and dust in the gases 
are reduced, while the blast-furnace itself need not be driven so 
hard. This technique involves the roasting or sintering of the ore 
and the burning of the limestone before charging into the furnace. 
A full account of this process together with details of the costs is 
given in this paper. 

The Installation and Operation under Heavy Load of Brick 
Hot-Blast Stoves. J. Wittig. (Stahl und Eisen, 1938, vol. 58, 
July 28, pp. 805-807). The author compares brick and steel 
blast-furnace stoves and shows how the former can be improved 
by the use of Krupp burners, automatic reversing valves, and 
automatic recording instruments, in order to supply more blast at 
higher and constant temperatures to meet the demands of the high- 
output furnaces now in use. 

Utilising Blast-Furnace Throat Dust. (Iron Age, 1938, vol. 142, 
Aug. 18, pp. 38-39). An abridged translation of the article by 
E. Kayenburg which appeared in Stahl und Eisen, 1938, vol. 58, 
Mar. 10, pp. 276-279. (See Journ. of the I. and §.I., 1938, No. I., 
p. 309 A). 

The Use of Soda to Remove Sulphur from Pig Iron. N. Theisen. 
(Stahl und Eisen, 1938, vol. 58, July 21, pp. 773-778). After 
briefly touching upon the theory of sulphur removal with soda, 
the author describes the results of several trials carried out at the 
Burbach Works in 1937. When there was 0-1% of sulphur in the 
iron, the best results were obtained by the addition of 0-5% of soda. 
If more than this were added, the amount of sulphur removed in 
relation to the quantity of soda used was less. The best pro- 
cedure to adopt was to allow the soda to fall in a steady stream on 
the molten iron during the whole period of tapping. A higher 
degree of sulphur removal was obtained with a low tapping tem- 
perature. The period of the reaction should be from 6 to 10 min. 
If longer time were taken, there was a danger of the sulphur re- 
turning into the iron. When there was any slag with the iron it was 
found that the sulphur reverted to the iron. It was advisable to 
line both the mixer and the tapping channel with basic material, 
and for this reason it is better, when possible, to add the soda as 
the metal leaves the mixer. When the sulphur content exceeds 
0-2%, the sulphur should be removed in two stages, one before 
and one after the mixer. In order to minimise the loss of iron it 
was found advantageous to add carbon to the soda in the pro- 
portion of one to four. It was found that the quality of the steel 
was not affected by the soda process. 

Efficiency of the Blast-Furnace Process. J.B. Austin. (American 
Institute of Mining and Metallurgical Engineers, Technical Publica- 
tion No. 943 ; Metals Technology, 1938, vol. 5, Aug.). A considera- 
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tion of the material and thermal efficiencies of the blast-furnace, 
considered both as a smelter and as a gas producer, leads to the 
following conclusions: (1) In a blast-furnace producing the usual 
grades of low-silicon pig iron, the coke consumption is determined 
by the demand for carbon as a reducing agent rather than the 
demand for fuel, for the heat liberated on combustion by the carbon 
necessary to give the proper quantity of reducing gas is, together 
with the heat brought in by the hot blast, sufficient to meet the 
heat requirements of the furnace. The general heat balance, as 
well as the distribution of the heat generated between the hearth 
(melting) and shaft (reducing) zones, is controlled within limits 
by adjusting the temperature and volume of the hot blast. If 
the furnace is producing high-silicon foundry iron, ferro-manganese 
or ferro-silicon, the heat requirement per ton of product is con- 
siderably greater than for the ordinary pig-iron grades, and the 
coke consumption may be fixed primarily by the demand for 
carbon as fuel, although this may not always be true, since t 2 
CO:CO, ratio at equilibrium is also raised in such cases. (2) 
The amount of coke required for giving a proper reducing gas 
is determined chiefly by the equilibrium conditions in the re- 
duction of iron oxide to iron, and, since the equilibrium changes 
with temperature, the coke consumption is likewise influenced. 
The higher the temperature at which this stage in the reduction 
is carried out, the higher is the coke consumption. (3) Preliminary 
calculations taking account of the chemical equilibrium indicate 
that a blast-furnace using 1800 lb. of coke per ton of pig is over 
90% efficient in the utilisation of coke. (4) The thermal efficiency 
of the blast-furnace taken as a smelter is high, being usually better 
than 80%. (5) Regarding the blast-furnace as a gas producer, the 
maximum conversion of coke to carbon monoxide must be less 
than that of a gas producer, the relative efficiency being in the 
ideal case about 70%. An actual blast-furnace usually operates 
close to its own ideal efficiency as a producer, however. (6) The 
hot-gas efficiency of the blast-furnace regarded as a gas producer 
is high, being of the order of magnitude of 90%. (7) These con- 
clusions all indicate that the blast-furnace as now operated is a 
relatively efficient apparatus compared with other chemical or 
metallurgical equipment. Whilst improvements in design, in control 
of operation to give a uniform product, and in reducing heat loss 
by radiation and conduction are to be expected, there is little 
hope of making a substantial reduction in coke consumption below 
that achieved by the best modern practice. It is also clear that 
any process designed to compete with the blast-furnace must, 
like the blast-furnace, show a high efficiency both as a smelter and 
as a gas producer if it is to have any chance of success in competition 
with the blast-furnace in the steel-producing districts, where 
metallurgical fuel, suitable for blast-furnace use, is commercially 
available. 
1938—ii 7 
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A Study of Blast-Furnace Slags. RK. 8S. McCaffery. American 
Iron and Steel Institute: Blast Furnace and Steel Plant, 1938, 
vol. 26, June, pp. 598-600; July, pp. 702-703, 719). In Part I. 
of this paper the author describes the principle employed in 
the working of the blast-furnaces on Northamptonshire ores at 
the Corby steelworks. The important feature of the process 
is that the sulphur is removed from the iron in the ladle 
after it has left the furnace. To do this the furnace is operated 
with a slag which is most fusible and least viscous, such a slag 
permitting more uniform and regular furnace operation. After 
some experiments a technique was developed for the Corby furnaces 
by which they were burdened and slagged with complete indifference 
to the sulphur content of the ores or the pig iron. A table is given 
comparing the analyses of foundry iron and basic iron and their 
corresponding slags as produced by the former practice, with 
those produced by the present technique. In the concluding 
part of this paper the author summarises the basic Bessemer pro- 
cess as developed at Corby, and shows that the main difference 
between it and other practices is that the temperatures are kept 
high and under control, the operator being able to control the 
initial temperature of the blow by regulating the silicon reaction 
in the ladle, which in turn controls the residual silicon in the blown 
metal when the carbon is all burnt out. The results obtained at 
these works demonstrate that furnaces can be operated success- 
fully when burdened with a slag that suits the furnace instead of 
one which suits a quality of product at the expense of the furnace 
operation. 

The Hydraulic Properties of Blast-Furnace Slags. G. Mussgnug. 
(Mitteilungen aus den Forschungsanstalten des Gutehoffnungshiitte- 
Konzerns, 1938, vol. 6, July, pp. 153-168; Aug., pp. 169-180). 
Using new methods to test the properties of the highly basic, latent 
hydraulic slags, the author has investigated the effect of the chemical 
reactions, the structure and the melting temperature on their pro- 
perties. He found that the hardenability of the rapidly cooled 
slags depended more on the smelting temperature than on the 
chemical composition. The ratio of silica to alumina also affected 
the properties. As the silica content increased, the per- 
meability to water increased, whilst the permeability to air and 
the contraction decreased. Increased alumina content improved 
the hardenability of the slag both in water and in air. By using 
the method described, the test could be completed in 12 hr., and 
it has proved to be a reliable means of determining the suitability 
of these slags for making cement suitable for road construction. 
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Third Report of the Steel Castings Research Committee. (Iron 
and Steel Institute, 1938, Special Report No. 23). This Report is 
divided into six Sections. Section I. is introductory in character. 
Section II. deals with the fluidity of iron-carbon and other alloys. 
Part A describes the results of an investigation of the fluidity of 
alloy steels carried out with the standard spiral mould described 
in the Committee’s Second Report, and Part B is concerned with 
an examination of the Ruff fluidity test. Section III. reports the 
results of a determination of the effect of copper in cast steels 
containing a little less than 0-3% of carbon with high and low 
manganese contents, and small amounts of chromium and nickel, 
singly or together. Section IV. describes the continuation of a 
research on the strength and ductility of cast steel during cooling 
from the liquid state in sand moulds. Section V. constitutes the 
first report of the Moulding Materials Sub-Committee, and records 
the results of a number of investigations carried out on moulding 
materials. Abstracts of the above contributions will be found in 
the appropriate sections of the present volume of the Journal 
Section VI. is a bibliography on the manufacture, properties and 
testing of steel castings, covering the period from 1920 to 1937 
(moulding sands are not included) ; it is divided into the following 
sections: General steel foundry practice; manufacture of steel 
for castings; design of steel castings; cleaning of castings; gates, 
runners and chills; moulding practice; production of special 
castings; cooling phenomena and defects of castings; welding 
of steel castings; heat treatment of steel castings; properties, 
tests and examination of steel castings ; and steel foundry plants. 

The Fluidity of Iron-Carbon and Other Iron Alloys. Part A.— 
The Fluidity of Alloy Steels. J. H. Andrew, G. T. C. Bottomley, 
W. R. Maddocks and R. T. Percival. (Iron and Steel Institute, 
Third Report of the Steel Castings Research Committee, 1938, 
Special Report No. 23, pp. 5-32). Fluidity tests carried out with 
the standard spiral mould described in the Second Report of the 
Steel Castings Research Committee have been extended to iron- 
carbon alloys containing varying amounts of silicon, copper, 
chromium and nickel, respectively. In order to correlate the 
fluidity numbers with the liquidus and solidus ranges, freezing- 
and melting-point determinations were made on all the alloys 
dealt with. The system of plotting the fluidity values at a tem- 
perature lying 50° C. above the liquidus curve was again adopted, 
but a better system was found to be to plot the temperature at 
which the fluidity was 12 in. against the composition. The curves 
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derived in this manner follow the liquidus curves very closely. It 
is clearly evident from the results that temperature is the all- 
important factor with respect to fluidity, composition in itself 
playing a minor part. 

The Fluidity of Iron-Carbon and Other Iron Alloys. Part B.— 
The Ruff Fluidity Test. (Iron and Steel Institute, Third Report 
of the Steel Castings Research Committee, 1938, Special Report 
No. 23, pp. 33-60). This Part of the Committee’s Report is divided 
into three sub-sections. The first consists of introductory comments 
on the Ruff test for the running quality of liquid metal, and presents 
a brief account of the principles on which this test is based, as 
described in Ruff’s paper (published in the Iron and Steel Institute, 
Carnegie Scholarship Memoirs, 1936, vol. 25, p. 1). 

The second sub-section, by T. R. Walker, describes results 
obtained in two foundries with the Ruff fluidity test ; full details 
of the mode of carrying out the test are given. In each foundry, 
on grouping the results on the basis of the remarks of the foundry 
staff, the average pouring temperature and the average length of the 
test rod, they were in general agreement, but there was considerable 
variation in the figures given by different casts receiving the same 
foundry verdict and therefore included in the same group. 

The third sub-section, by R. J. Sarjant and T. H. Middleham, 
deals with fluidity-temperature relations of cast steels of various 
compositions; the Ruff test was used. The results reported 
indicate that this method of testing fluidity gives a definite relation- 
ship between the fluidity of cast steel and its temperature. The 
results are reproducible within limits which are sufficiently accurate 
for practical purposes. The fluidity-temperature relations so 
determined demonstrate the following: (a) Very low-carbon 
steels, namely, Armco iron and Swedish charcoal iron (practically 
identical in composition in regard to carbon, silicon and manganese) 
showed divergences of fluidity to be attributed to differences of 
composition in other respects, ¢.g., oxygen. (6b) The general form 
of the fluidity curves indicating the behaviour of carbon steels, 
which had been communicated in the Committee’s Second Report 
on the indications of a spiral form of test-piece, was confirmed, 
except for some divergence in the compositions corresponding to 
the peaks in the fluidity-composition curves for specified degrees 
of superheat above the liquidus temperature. (c) Additions of 
small amounts of aluminium (up to 0-3%), of silicon (up to 1%), 
and of manganese (up to 1%) conferred increased fluidity on low- 
carbon steel; the contributory influence of the state of deoxidation 
of the steel is discussed. (d) Additions of copper (up to 2%) pro- 
duced only a slightly increased fluidity, which in the case of a 2% 
copper content was not increased by further additions of silicon 
(0-5%) and manganese (0-5%). Practical trials in the steel foundry 
have shown the method to have the necessary simplicity and con- 
venience for industrial purposes and to give pertinent information 
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regarding the running characteristics of a steel for a given casting 
operation. 

Interdendritic Pipe in Steel Castings. A. M. Portevin. (Metal 
Progress, 1938, vol. 34, Aug., pp. 152-153). Micro-pipes are tiny 
cavities a fraction of a millimetre in size with irregular and ragged 
outlines and with non-oxidised walls. Etching shows that they 
occur at the intersection of convergent dendritic directions. After 
describing the phenomenon in this manner, the author describes 
various ways of discovering whether this condition is present in a 
casting, and in conclusion he shows how it can be avoided by careful 
control of the foundry operations. 

First Report of the Moulding Materials Sub-Committee. (Iron 
and Steel Institute, Third Report of the Steel Castings Research 
Committee, 1938, Special Report No. 23, pp. 87-200). The Mould- 
ing Materials Sub-Committee of the Steel Castings Research Com- 
mittee was formed just prior to the publication of the Main Com- 
mittee’s Second Report in 1936. The very foundation of their 
work is the availability of thoroughly standardised and accurate 
methods of assessing the moulding properties of foundry material ; 
they have therefore devoted much attention to the examination 
of present methods, and efforts are being made through a national 
sub-committee, consisting of nominees of the Moulding Materials 
Sub-Committee, the British Cast Iron Research Association, the 
Institute of British Foundrymen and the British Non-Ferrous 
Metals Research Association, to set up authoritative standard test 
methods which will command general acceptance. 

The Sub-Committee’s report first deals with methods of testing 
moulding sands. A classification is suggested for sieve tests on 
moulding sands, and compared with other existing classifications. 
A questionnaire on testing methods circulated to six laboratories 
represented on the Sub-Committee revealed the need for close 
consideration of testing methods with a view to their standardisa- 
tion. K. W. Slack and W. J. Rees describe the examination of the 
efficiency of a sieving machine. 

Next follows a consideration of elutriation methods, which in- 
cludes reports on sand testing with the Boswell and the Crook 
elutriators, by T. R. Walker; on the effect of different water 
velocities on the grading of sand by the Crook elutriator, by R. J. 
Sarjant; and on a modification of methods of grading moulding 
materials, by K. W. Slack and W. J. Rees. 

The next general subject dealt with in the Sub-Committee’s 
report is the compression strength of moulding materials. After 
a brief reference to the influence of the type of oven used for drying 
test-pieces on the results of the test for dry strength, sub-sections 
on dry sand testing, by T. R. Walker (showing the need for standardis- 
ing the testing method in regard to the drying oven used and the 
desiccator in which the specimens are cooled); on the effect of 
standing time on the green and dry strength of moulding sands, 
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by T. R. Walker (showing the way in which the strength of a green- 
sand mixture alters on being allowed to stand); on an investigation 
of the effect of variation in the drying temperature on the dry 
strength of a Belgian red steel-moulding sand, by K. W. Slack 
and W. J. Rees; and on the effect of atmospheric moisture on the 
crushing strength of dry-sand moulds, by R. J. Sarjant, M. Brown 
and W. H. Salmon, are presented. 

The next.matter to be dealt with is the refractoriness of mould- 
ing sands. Under the heading of the sintering test K. W. Slack 
and W. J. Rees present the results of their investigation of the 
effect of the firing temperature employed on five different sands. 
Next, R. J. Sarjant contributes a note on sintering tests, in which 
he describes the platinum-strip method of estimating the sintering 
temperatures of moulding materials, notes the influence of various 
factors on the sintering point, and discusses the correlation of the 
sintering point with the refractoriness value. 

Considerable space is devoted to the consideration of synthetic 
moulding sands. An essential preliminary to comparisons of the 
bond strength of the bonding agents used in their preparation is 
the selection of a standard sand, and T. R. Walker contributes a 
discussion of this subject, with data on the bonding power of twelve 
clays of British origin with Leighton Buzzard No. 52 sand as the 
base. Next follow contributions on the bonding of Leighton Buzzard 
No. 52 sand with bentonite and with bentonite plus dextrin, by 
F. N. Lloyd; onacomparison of the bond strength of two ball clays 
and Derby fireclay with (a) Chelford silica sand, and (b) King’s Lynn 
red sand, by T. R. Walker; on the bond strength of plastic fireclays 
from (a) Westerdale, (6) Huttons Ambo, and (c) Halifax, with a high- 
silica sand, by K. W. Slack and W. J. Rees; on the bonding power of 
two clays (Kingscliffe and Frith (Wrexham) clays with Leighton 
Buzzard No. 52 sand), and the effect of silt on the permeability 
of a steel moulding sand, by K. W. Slack and W. J. Rees; on the 
effect of flocculation and deflocculation on naturally- and synthetic- 
ally-bonded moulding sands, by K. W. Slack and W. J. Rees; on 
the effect of dextrin and sulphite lye on the bonding of high-silica 
and clay-bonded steel-moulding sands, by K. W. Slack and W. J. 
Rees ; and on the behaviour of some synthetically-bonded moulding 
materials when subjected to repeated drying, by K. W. Slack and 
W. J. Rees. 

The Sub-Committee have also given attention to the study 
of moulding compositions or “compos.” The following notes are 
included under this heading: An experimental mixture of Belgian 
yellow sand and firebrick grog, by K. W. Slack and W. J. Rees; 
an investigation of the merits of ball clay and china clay, respec- 
tively, for use as a bonding material in the making of moulding 
composition, by K. W. Slack and W. J. Rees; a comparison of two 
moulding compositions, using crushed firebrick and crushed raw 
Ayrshire bauxitic shale as grog, by K. W. Slack and W. J. Rees; 
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the testing of moulding mixtures containing crushed millstone 
grit from Ashover, Derbyshire; and the effect of variation in the 
drying temperature on the dry strength of moulding compositions, 
by K. W. Slack and W. J. Rees. 

The last subject to be dealt with in this report is that of new 
sources of moulding materials. Imported moulding sands are still 
used in a number of foundries in Great Britain, and if satisfactory 
alternatives of home production could be provided, economic as 
well as other advantages in regard to security of supply might 
result. In this sub-section the results are presented of the in- 
vestigation of Erith moulding sand, millstone grit from Chesterfield 
and decomposed millstone grit at Tryddyn, near Wrexham (probably 
from Cefn-y-Fedw sandstone). ‘The properties revealed in these 
tests are recorded in detail. 

The Physical Principles of the Technology of Molten Metals. 
A. Ulitovskiy. (Stal, 1937, No. 11, pp. 99-111). (In Russian). 
A detailed account is given of the development of methods of pro- 
duction directly from the molten metal, carried out at the Institute 
of Applied Physics of the Leningrad State University. As a pre- 
liminary to these experiments a special type of high-frequency 
induction furnace was developed for the rapid melting of small 
amounts of metal. With one of these furnaces it was possible to 
melt 10 g. of cast iron in 9-10 sec. The production methods 
investigated included one for making cast-iron die-castings, the 
production of wire directly from the molten metal, and the rolling 
of molten cast iron and steel into sheet. In the die-casting process 
the exact weight of cast iron required was melted on a nephrite 
plate immediately above the die by means of a small induction 
furnace. The melting occupied some 6-8 sec. The molten metal 
was then allowed to fall into the die, into which it was then forced 
by means of a plunger.. The metal remained in the die for only 
a small fraction of a second, just sufficient for a skin of solidified 
metal to form in contact with the die. Complete solidification of 
the interior took place after removal of the casting from the die. 
By this means the wear of the dies was reduced to a minimum. 
The method has been used on a semi-industrial scale for the pro- 
duction of parts of electrical apparatus which had previously been 
produced by machining from brass stock. Wire was produced by 
forcing a jet of molten metal through a nozzle and allowing it to 
solidify. Conditions which have to be satisfied if a continuous 
wire is to be obtained are examined. The rolling process which 
was developed at the Institute differs essentially from other known 
methods of “ ingotless”’ rolling. No reservoir of molten metal 
between the rolls is used. The supply of molten metal to the rolls 
is determined by the thickness of the sheet it is desired to obtain, 
and all the metal supplied passes directly through the rolls, the 
time of contact between the metal and rolls being only just sufficient 
for the formation of a thin skin which forms the upper and lower 
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surfaces of the sheet, the interior of the sheet solidifying after the 
metal has passed the rolls. A suitable device is used to support 
the liquid-cored sheet after it leaves the rolls and until it solidifies. 
The various factors involved in the above process are considered 
in detail. Perhaps the most interesting feature of this rolling 
process is its extremely low power requirement, a strip of metal 
0-1 mm. thick being obtained in a mill driven by a motor consuming 
only a few hundred watts. In conclusion the author briefly refers 
to the mechanical properties of cast-iron sheet produced by the 
above method and the possibility of working and fabricating it. 

The Practical Value of Controlling the Properties of Moulding 
Sands at Elevated Temperatures. R. F. Hudson. (Foundry 
Trade Journal, 1938, vol. 59, Aug. 4, pp. 79-80). An account is 
given of some experiments undertaken to ascertain the effect of 
different moulding compositions on three similar castings poured 
under exactly similar conditions. The only variable in the three 
tests was the quantity of sawdust added to the sand. It was 
found that the casting made in sand with no sawdust was in the 
worst condition due to scabbing, whilst that cast in sand having 
the greatest addition of sawdust was in perfect condition. A 
further experiment was made using a mould faced with a crushed 
firebrick mixture. The material withstood the prolonged flow and 
impingement of molten metal very well. 

A Study of Mould Surface Defects. H. W. Dietert. (Foundry 
Trade Journal, 1938, vol. 59, July 28, pp. 70-72). In this article 
methods of testing moulding sand and cores at high temperatures 
are described, the object being to familiarise foundrymen with the 
way in which they will behave when heated to temperatures equal 
to the pouring temperatures of the molten metal. Test specimens 
were prepared by ramming the sand into cylindrical blocks 2 in. 
long by 1} in. india. A specimen was inserted in a dilatometer and 
an electric furnace at 1370° C. was lowered over it. The expansion 
and contraction in thousandths of an inch per linear inch were 
recorded. The heating rate was approximately 5° per min. The 
silica sand grains expand, but this may be cancelled out by con- 
traction of other substances such as the clay bond. Most clay 
bonds may be considered as fluxing elements in connection with 
silica, so that the greater the quantity of bond present the lower is 
the refractoriness, and the greater the contraction. Cereal binders, 
coal dust, wood and other combustible materials burn out at 
fairly low temperatures thus causing voids to form into which the 
expanding silica grains can move. This expansion of the sand 
starts at about 260° C. and continues up to about 870° C., so that 
the sand may pass through its expansion cycle in a few seconds 
and before the mould is completely poured. The contraction cycle 
follows, but requires a much larger quantity of heat at high tem- 
peratures. The mould surface therefore only goes through a con- 
traction cycle in the case of relatively large castings poured with 
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hot metal. It was found that the heat flow through sand varies 
approximately in direct proportion to its permeability. Mould 
dusts and washes therefore help to reduce contraction. In con- 
clusion the author discusses buckling and scab defects, and shows 
that the selection of the material and the method of compounding 
can be used to control to some extent the dimensional stability of 
moulding sand. 

What is Dry Sand Strength? N. J. Dunbeck. (Foundry, 
1938, vol. 66, Apr., pp. 32, 80). After showing by a number of 
graphs that the dry compression strength of various moulding 
sands changes considerably with temperature, the author discusses 
the standard test adopted by the American Foundrymen’s Associa- 
tion. This test is made by breaking a rammed sample of sand 
which has been baked at 221° F. for one hour or until dry. He 
shows that the term “dry sand strength ” has different meanings 
in different foundry circumstances, and that it is necessary to 
include some indication of temperature when using this expression. 

Casting Bath Tubs and Sinks in Permanent Moulds. (Foundry, 
1938, vol. 66, Aug., pp. 59-60). Particulars are given of three 
types of moulds for repetition work, and a special mould for the 
casting of bath tubs and sinks is described in detail. This mould 
is made up of three parts, a base, a core member for forming the 
inside of the casting, and a top for forming the outside of the casting. 
The core member fits in a recess in the base, and is attached to a 
shaft and hand wheel, by which it is raised and lowered. When 
in the raised position the top is closed down over it as in ordinary 
practice. After casting, the core is lowered a short distance to 
free it from the casting and thereby prevent the casting from 
cracking. The top is then lifted and the casting removed. The 
mould is maintained at working temperature by oil circulated 
through coils in the mould. 

Loam Moulding a Special Strainer. (Foundry Trade Journal, 
1938, vol. 59, Aug. 4, p. 84). In this article the fact is deplored 
that loam is so little used that experienced loam moulders are 
now few in number. The method adopted to prepare a mould for 
a semi-circular strainer 3 ft. 6 in. long by 3 ft. 3 in. in inside dia. is 
then described. 

Tricks of the Trade. P. R. Ramp. (Iron Age, 1938, vol. 142, 
Aug. 18, pp. 28-30). The author describes a number of tricks of 
the foundry trade which were successfully utilised to produce 
sound castings in the face of apparently insurmountable obstacles. 

Manufacture of Diesel Engine Cylinders. (Foundry Trade 
Journal, 1938, vol. 59, July 28, p. 59). A description is given of 
the method of moulding adopted at a French foundry for the 
casting of Diesel-engine cylinders weighing about 5 cwt. 

The Economic Importance of Centrifugal Casting. W. Haken. 
(Giesserei, 1938, vol. 25, Aug. 12, pp. 395-401). The author 
compares centrifugal casting with stationary casting from the 
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point of view both of costs and of the mechanical properties of the 
castings. He describes various types of centrifugal casting machines 
as well as the production of large-diameter tubes, brake-drums, 
cylinders and various solid and hollow objects, and concludes his 
paper with a brief description of a centrifugal casting machine 
driven by a 10-h.p. motor which is capable of producing castings 
weighing up to 10 tons. 

Centrifugally Cast Cylinder Liners. W. A. Geisler and H. 
Jungbluth. (Technische Mitteilungen Krupp, Technische Berichte, 
1938, vol. 6, Aug., pp. 96-101). The authors discuss the develop- 
ment of centrifugally-cast cylinder liners for internal-combustion 
engines under the headings of (a) unalloyed iron; (6) martensitic 
structure ; (c) alloyed iron; and (d) nitride-hardened liners. They 
compare the structures and characteristic properties of the four 
types, and show the advantages of centrifugally-cast, as compared 
with sand-cast liners. 

Investigation of the Effect of Crystal Precipitation on the Flow- 
Properties of Melts. E. Lips and H. Nipper. (Giesserei, 1938, 
vol. 25, July 29, pp. 369-372). In order to gain an insight into the 
castability of metals, the authors made experiments in which a 
solution of mercuric iodide plus potassium iodide with fine quartz 
or flake graphite in suspension and another of potassium nitrate 
were poured into spiral-shaped glass tubes at different temperatures ; 
the distance to which the liquid flowed before crystallisation and 
solidification set in was observed and the influence of various 
factors was studied. The results showed that the running of the 
spiral was completed in two distinct periods, the first in which no 
crystallisation occurred, and the second in which crystals were 
deposited in the forward part of the liquid stream until their number 
reached the critical concentration and the flow of the stream was 
arrested. The authors consider that in the first period the flow is 
conditioned mainly by the kinematic viscosity of the liquid and by 
frictional effects, and in the second period mainly by the critical 
concentration of the precipitated crystals. 
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The Reorganisation of the Italian Iron and Steel Industry. 
(Montanistische Rundschau, 1938, vol. 30, Aug. 16). An account 
is given of some of the changes which have taken place in 1938 
in the Italian iron and steel industry, the most important being 
the decision to import ores instead of scrap. 

Development of the Iron and Steel Industry on the Niagara 
Frontier. W. A. James. (Mining and Metallurgy, 1938, vol. 19, 
June, pp. 275-280). A historical survey of the general industrial 
development of the counties of Erie and Niagara from 1784 up to 
the present time, with particular reference to the part played by 
the companies which are now merged into the Bethlehem Steel Co. 

Production Methods for Composite Steels. (Iron Age, 1938, 
vol. 142, Aug. 4, pp. 33, 39). Brief descriptions are given of some 
methods of making composite steels. These include (a) casting 
metal round an insert, (b) fusion welding, and (c) the cementation 
process. 

Utility of Statistical Methods in Steel Plants. H. J. Hand. 
(American Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 940: Metals Technology 1938, vol. 5, Aug.). The 
author considers the use of statistical methods such as frequency 
curves, significance tests for comparing two conditions, control 
charts and correlation methods, and their application in: (1) The 
isolation of factors as a cause of variability in a given process ; 
(2) the determination whether observed differences between con- 
ditions are (a) due to chance and not likely to be repetitive upon 
collection of additional data, or (b) due to an actual difference 
between observed differences; and (3) methods for determining 
a direct or indirect effect of one variable affecting a process upon 
another variable. 

Steel Production. J. Dobson. (Iron and Steel Industry, 1938, 
vol. 11, July, pp. 511-516). A survey, with numerous illustrations, 
of the weighing equipment at the East Moors Works of Guest Keen 
Baldwins, Ltd., Cardiff. 

The Principles Underlying the Use of the Composition of the Slag 
as an Indicator in Open-Hearth Operation. V. Mozharov. (Stal, 
1937, No. 11, pp. 112-120). (In Russian). The author points 
out the part played by the slag in open-hearth operation. Referring 
to the basic open-hearth process, the author then deals with the 
relation between the state of oxidation of the metal and the com- 
position of the slag; the interdependence of the FeO and MnO 
contents of the slag and its interpretation; the effect of the total 
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amount of active oxygen; the use of the manganese content of the 
bath as an indication of its temperature; and means of controlling 
the melting process on the basis of the rate of burning away of the 
carbon, the manganese content of the bath and the MnO and FeO 
contents of the slag. In conclusion, methods of accelerating the 
open-hearth process are considered. 

Viscosity Measurement on Molten Iron. (Foundry Trade 
Journal, 1938, vol. 59, Aug. 25, p. 143). An abridged translation 
is given of a paper by K. Schiffer and W. Feldmann entitled “ Pig 
Iron for Steelmaking and its Relation to the Melting Process in 
the Steelworks,” which appeared in Stahl und Eisen, 1938, vol. 58, 
June 16, pp. 641-646. (See p. 139 4). 

On the Normal Rate of Carbon Elimination in a Basic Open- 
Hearth Furnace. 8. Lifshits. (Stal, 1937, No. 12, pp. 8-17). 
(In Russian). In the first part of the article the author discusses 
the effects of various factors on the rate of elimination of carbon, 
special reference being made to the influence of the composition 
of the slag and the furnace temperature. The free FeO in the 
slag, which serves as a measure of the oxidising capacity of the slag, 
and therefore determines the rate of elimination of carbon, increases 
with rise in temperature if the total iron content of the slag remains 
constant. An increase in the basicity of the slag decreases the free 
FeO concentration if the total iron remains constant. In the second 
part of the article the author applies statistical methods to practical 
data with the object of constructing typical curves for the carbon 
elimination in mild-steel heats. 

Manganese Economy in the Open-Hearth Process. P. Barden- 
heuer and G. Thanheiser. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1938, vol. 20, No. 6, pp. 67-75: Iron 
and Coal Trades Review, 1938, vol. 137, Aug. 5, pp. 214-215; 
Aug. 12, pp. 250-251). The authors describe a technique of 
slag control which may be applied to either the basic or the acid 
open-hearth furnace practice with the object of reducing the 
consumption of the ferro-manganese without affecting the quality 
of the steel produced. 

Melting Problems. (American Foundrymen’s Association, 
Canadian Section, Hamilton, May 4, 1938: Canadian Metals and 
Metallurgical Industries, 1938, vol. 1, June, pp. 171-176). In the 
first part of this series, by N. Metcalf, on steel melting, an outline 
of the chemistry of the open-hearth and electric-arc-furnace pro- 
cesses is given. In the second part, by R. Stewart, cupola practice 
is reviewed. The concluding part, by J. E. Riffer, deals with the 
melting of non-ferrous metals. 

Melting Tests with a Coreless Electric Induction Furnace. G. 
Mars. (Stahl und Eisen, 1938, vol. 58, Aug. 4, pp. 833-840; Aug. 11, 
pp. 865-868). After a historical survey of the development of the 
coreless induction furnace, an account is given of a number of 
melting tests carried out with a low-frequency furnace working 
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on 25 cycles A.C. A calculation of the current consumed is made 
based on the Esmarch theory. The author also compares high- 
frequency with low-frequency furnaces, and declares that the former 
are more suitable for small scrap and where a small capacity is 
required. He found that it was not essential to use condensers 
with a low-frequency furnace, but that the furnace could be 
connected direct to the supply. 

Induction Heating and Melting. A. D. Meyer. (Canadian 
Metals and Metallurgical Industries, 1938, vol. 1, June, pp. 166- 
170). The author reviews the history of the development of the 
electric induction furnace for melting steel, and describes the 
oscillating and motor-generator equipment and methods of control 
now in use. The most popular sizes of furnaces for experimental 
steel melting are the 17-lb. and 30-lb. furnaces. About 45 min. are 
required to complete a charge in the former and about 14 hr. for 
the latter. The important features of the induction furnace are : 
(1) Freedom from contamination of the melt, because all heat is 
generated in the charge itself and there are no products of the 
heating process; (2) the high temperatures obtainable and the 
absolute control of the temperature at any stage of the melting 
cycle; (3) circulation of the bath due to electromagnetic forces in 
the bath; and (4) the ability of the furnace to reproduce 
results accurately. 

The application of this method for the heating of steel for hot- 
working and surface-hardening is discussed. 

Evolution of Gases from Rimming-Steel Ingots. K. C. 
McCutcheon and J. Chipman. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 942: Metals 
Technology, 1938, vol. 5, Aug.). A method is described by which 
the gases evolved from rimming ingots of commercial size (18 by 
39 in.) can be collected for measurement and analysis. This is 
done by covering the liquid steel in the mould with a welded hood 
of heavy sheet iron, which is allowed to freeze into the rim of the 
ingot. The gases are led out through a steel pipe and rubber hose 
to a gas meter and sampling valve. 

The rate of flow was between 2} and 5 cu. ft. per min. when the 
meter readings were begun, and evolution continued for a period 
of 30-40 min. The total gas evolved after filling the mould ranged 
from 36 to 74 cu. ft., and it was estimated that between 20 and 40 
cu. ft. escaped during teeming. In general, less gas was evolved 
at 0-09°%*carbon than at lower percentages. 

The gas contained 80-92% of carbon monoxide, 2-14% of carbon 
dioxide, 2-6% of hydrogen, under 3% of nitrogen and traces of 
hydrocarbon, presumably methane. As the carbon content 
increased, the ratio of carbon dioxide to carbon monoxide decreased. 

Samples from the liquid metal in adjacent ingots were analysed 
for carbon and oxygen. It was found that the ratio of carbon 
dioxide to carbon monoxide in the gas was proportional to the 
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oxygen content of the metal, in agreement with calculations based 
upon equilibrium conditions. The carbon-oxygen product in the 
liquid metal was 0-0020-0:0028, compared with an equilibrium pro- 
duct of 0-0022 at atmospheric pressure. This was interpreted as 
indicating that the carbon-oxygen reaction is very rapid. 

The gas and metal analyses were used to compute the gas pres- 
sure within the ingot, which was found to be about 1-4 atmospheres 
immediately after pouring. Since the ferrostatic pressure in the 
lower part of the ingot exceeds this figure, the occurrence of rim 
blow-holes is explained by the inability of localised gas bubbles 
to grow against the applied pressure. In the upper part of the 
ingot free evolution occurs and the bubbles are swept away. 

The Effect of Heating the Heads of Ingots on the Reduction of 
the Piping Cavity. P. Umrikhin and E. Sukhova. (Stal, 1938, 
No. 1, pp. 22-29). (In Russian). An exothermic reaction. mixture 
was considered to be the simplest means of heating the tops of ingots 
and thus preventing or reducing piping. A number of these mix- 
tures containing various proportions of some or all of the following, 
ferro-silicon (25 and 45%), ferro-manganese (80%), sodium nitrate, 
charcoal, iron ore, manganese ore, white slag, and moulding sand, 
were tried. Experiments were carried out on the effect of adding 
these mixtures to 1250-kg. top-poured carbon steel ingots, as well 
as to some alloy steel ingots. The favourable influence (reduced 
piping, improved mechanical properties) of some of the mixtures 
was observed. 

Flakes in Steel. (Metallurgist, 1938, Aug., pp. 154-156). A 
review is presented of the studies of E. A. Klausting (Metallurg, 
1937, vol. 12, No. 5, p. 21; No. 9-10, p. 70) and A. F. Myrzymow 
(ibid., 1938, vol. 13, No. 1, p. 39: see this Journal, p. 212 A) on the 
formation of flakes and non-metallic inclusions in steel, which were 
summarised in Stahl und Eisen, 1938, vol. 58, June 9, pp. 631-632 ; 
July 14, pp. 761-763. 
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(Continued from pp. 220 a-224 a) 


Special Problems of Steel-Mill Electrification. L. A. Umansky. 
(Iron and Steel Engineer, 1938, vol. 15, July, pp. 30-35). The 
author describes some changes made within the last twelve months 
in the electric power-stations of a number of American rolling 
mills. The first example quoted is the installation of a 25/60 cycle 
frequency changer of the 300 r.p.m., synchronous-synchronous 
type, and a 3500-kW. generator at a cold-strip mill. In the second 
example the voltage and power-factor regulation at a hot-strip 
mill are described, and in the third example the author discusses 
the method adopted for the field-forcing of the 2500-h.p. synchronous 
motors for driving the roughing stands of a 44-in. hot-strip mill. 

The Effect of Width on the Cold-Rolling of Steel Sheets. H. 
Bohr. (Stahl und Eisen, 1938, vol. 58, Aug. 18, pp. 888-890). The 
author considers the factors which affect the cold-rolling of steel 
sheets, and describes a number of tests which showed the relation 
between the reduction in thickness at each pass and the width of the 
sheet. He found that the Ekelund equation for this relationship 
does not apply to cold-rolling, and that the reduction in thickness 
at equal roll pressures does not vary directly with the width in 
the case of austenitic stainless steel. 

The Development of the Continuous Rolling of Sheet and Tinplate. 
J. Malborn. (Journal of the West of Scotland Iron and Steel 
Institute, 1938, vol. 45, Feb., pp. 67-72). The author reviews the 
development of the continuous rolling principle for the high-speed 
production of sheet and tinplate in America over the last 11 years, 
and describes some of the sheet-mill plants now in operation which 
have finishing speeds of up to 2160 ft. per min. 

Bethlehem’s New Continuous Rod-and-Bar Mill. (Blast Furnace 
and Steel Plant, 1938, vol. 26, July, pp. 677-679: Wire and Wire 
Products, 1938, vol. 13, June, pp. 285-287, 324). A description 
is given of the new 10-in. rod-and-bar mill at the Maryland plant 
of this company. (See p. 221 4). 

Continuous Strip Mill. (Steel, 1938, vol. 103, Aug. 8, pp. 47- 
48, 66; Aug. 15, pp. 46-47, 73). A description is given, together 
with numerous illustrations, of the material transport equipment 
at the new 96-in. strip mill of the Jones and Laughlin Steel Corpora- 
tion, Pittsburgh. 

Electric Rolling Mill and Furnace Equipment. (Engineer, 1938, 
vol. 166, Aug. 19, p. 206). A description is given of the cold- 
rolling and bright-annealing plant recently installed at the Rother- 
ham works of B. Bennett Junior, Ltd. (See p. 144 4). 

Continuous Pipe Mill. (Iron Age, 1938, vol. 142, July 28, 
pp. 43-45: Steel, 1938, vol. 103, Aug., pp. 40-42). A description 
is given of a pipe mill at the works of Spang Chalfant and Co., 
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Etna, Pennsylvania, where butt-welded pipe from } in. to 3 in. 
in diameter is manufactured from coils of steel strip. The most 
interesting feature of this plant is the long furnace heated by 274 
natural-gas burners. The whole process is electrically controlled 
from two panels, one of which is for the furnace only, the other 
governing all the other production operations. 

The Correct Calibration of Rolls as a Basic Factor Determining 
the Output Capacity of Tube Rolling Mills. P. Emel’yanenko and 
N. Panyushkin. (Stal, 1937, No. 12, pp. 43-52). (In Russian). A 
formula which has been developed for the time required for tube 
rolling in terms of the various technological factors shows that the 
output of the rolling mill can be increased only by increasing the 
rate at which the material is supplied to the rolls, and not by 
increasing the degree of deformation. If a satisfactory quality is 
to be obtained in the finished product, a rapid rate of supply of 
the metal must go hand-in-hand with a correct calibration of the 
rolls. A formula, in polar co-ordinates, is developed for the optimum 
profile of the roll pass, and the spread of the metal during the tube- 
rolling process is considered. Finally, as a change in the diameter 
of the rolls resulting from regrinding necessitates either a change 
in the shape of the pass or in the amount of deformation to which the 
metal is subjected, the authors give nomograms for the rapid and 
easy determination of these variables on the basis of available data. 

Does Application of Shear Reduce the Power Required from a 
Press. G. L. Smith. (Sheet Metal Industries, vol. 12, July, pp. 
799, 812). The author discusses the power required to operate 
shears and presses with particular reference to the effect of the 
degree of slope or “‘ shear ” at which the blade is set. 

New Designs in Electric Motors, Controllers and Industrial 
Lighting Equipment. (Iron Age, 1938, vol. 142, July 21, pp. 40- 
44). Some brief descriptions are given of improvements to electric 
motors, controllers and other electrical appliances. Of particular 
interest is a variable-speed A.C. motor, the speed of which can be 
regulated from 0 to 1800 r.p.m. The speed regulator consists of 
two single-phase induction-type voltage regulators in one frame, 
with the two rotors on a common shaft. The primary windings 
on the rotors are connected to the power source, and the secondary 
stator windings are connected to the brushes. The secondary 
voltage depends upon the relative positions of the primary and 
secondary coils. 

High-Speed Protection as an Aid to Maintaining Electric Service 
Following System Short-Circuits. T. W. Ross and C. Ryder. 
(Journal of the Institution of Electrical Engineers, 1938, vol. 83, 
Aug., pp. 228-242). In this paper the authors review the various 
factors determining the total stability of the electrical system, the 
importance of quickly relieving the system of short-circuits, and 
the order of time delay which can be tolerated if system stability 
is to be maintained. 
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(Continued from pp. 225 a-229 a) 


Steels Used in the Carburising Process. O. W. McMullan. 
(Transactions of the American Society for Metals, 1938, vol. 26, June, 
pp. 546-567). After discussing the purposes for which case-hardened 
steels are required, the author declares that the general requirements 
of these steels are: (1) Ability to absorb carbon at the usual 
carburising temperatures at a reasonable rate, uniformly, and to a 
sufficiently high carbon content ; (2) ability to harden satisfactorily 
in a quenching medium suitable for the article quenched and without 
undue distortion; (3) reasonable strength and toughness after 
carburising and hardening; (4) satisfactory machinability for the 
machining process used. Continuing his paper, the author examines 
the effects of the composition of the steel and its relationship to 
design, the size of parts, and the proportion of the thickness of the 
case to the core, and in the concluding part he discusses the various 
compositions which are most suitable for the general requirements 
of case-hardened steels. 

Hardening Gear-Teeth by Oxy-Acetylene Flame. (Génie Civil, 
1938, vol. 113, Aug. 20, pp. 171-172). A French translation of 
anarticle which appeared in Engineering, 1938, vol. 145, May 27, 
pp. 590-592. (See p. 226 a). 

Oxy-Acetylene Surface Hardening. A.K.Seemann. (Mechanical 
Engineering, 1938, vol. 60, July, pp. 535-540). The author de- 
scribes in detail the plant required and the procedure for surface- 
hardening, using the oxy-acetylene flame, with particular reference 
to its use on gear teeth. Micrographs and etched sections show 
the structure of the metal and the depth of the hard zone. The 
following is a summary of the principal characteristics of this 
process: (1) The equipment is ready for use instantly ; (2) simple 
straight-carbon or inexpensive low-alloy steels can be treated ; 
(3) the operation is rapid; (4) hardening is confined to the surface 
and can be done exactly where required ; (5) the core properties are 
retained ; (6) the case depth can be varied ; (7) the degree of hard- 
ness can be varied; (8) the size of the article is not a limiting 
factor; (9) the quality is uniform; (10) the tendency to distort is 
greatly minimised; (11) the equipment is truly portable; (12) 
the process can be applied to a large list of steels, cast iron, malleable 
iron and carburised parts, and (13) the equipment used for flame- 
hardening can also be used for flame-softening. 

Flame Softening of Cut Surfaces on Strong Steels. H. H. Moss. 
(Metal Progress, 1938, vol. 34, Aug., pp. 141-146). The author 
describes the technique of heat-treating high-silicon, high-manganese 
and nickel steels which have been cut by the oxy-acetylene flame, 
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the equipment consisting of a water-cooled block containing as 
many as 30 small oxy-acetylene burners. The block is mounted 
so as either to precede or follow the cutting flame. The results 
of hardness, tensile and elongation tests carried out on specimens 
of these special steels which had been cut and heat-treated by oxy- 
acetylene burners are tabulated and discussed. 

Flame Softening. H.H. Moss. (Steel, 1938, vol. 103, July 25, 
pp. 42-45). The author describes a technique for heat-treating 
steel as it is being cut by the oxy-acetylene flame in order that the 
edges left shall be machinable. The additional heat is supplied by 
using a multi-jet oxy-acetylene burner. There are three methods 
of applying this, the choice of which depends on the thickness of 
the material. The first is used with plate up to 14-in. thick. In 
this case the heating flames are applied to the top surface only. 
In the second method the heat is applied to both top and bottom 
surfaces, and this is employed when the steel is from 1} to 4 in. 
thick. In the third method, for edges of plate over 4 in. thick, 
the heat is applied after the cinder has been removed but before the 
face has had time to cool following the cutting operation. The 
author also describes the effect of this treatment on the grain 
structure of various classes of steel. 

Hard-Surfacing Alloys. F. E. Garriott. (Steel, 1938, vol. 102, 
June 13, pp. 58-61). The author discusses the process of applying 
a surface layer of wear-resisting alloy to metal parts subject to 
severe wear, using the arc-welding technique, and points out that 
there are now available many suitable electrodes of iron-base 
alloy which are much less expensive that those of nickel and 
chromium alloys. Reference is made to the use of iron-molybdenum 
electrodes, and the coating of mill rolls is described. 

Furnace Atmospheres and Decarburisation. J. A. Webber. 
(Transactions of the American Society for Metals, 1938, vol. 26, 
June, pp. 515-539). In this paper the author discusses the troubles 
caused by decarburisation in furnace atmospheres, presents a 
review of the past investigations on the effect of the various gases 
present in the products of combustion of fuel-fired furnaces, and 
outlines some of the methods being used to overcome decarburisa- 
tion. The paper includes many curves taken from the work of 
past investigators in order that they may be available in one 
article for the convenience of the reader. In the concluding part 
of the paper, the author states that most methods of preventing 
the formation of scale increase rather than decrease decarburisation, 
and that there is a definite mixture of carbon monoxide and carbon 
dioxide, and methane and hydrogen in equilibrium with the carbon 
content of steel at each temperature in and above the heat-treating 
range. 

Gases for Controlled Atmospheres—Requirements for Purifica- 
tion. E. E. Slowter and B. W. Gonser. (Metals and Alloys, 
1938, vol. 9, July, pp. 163-168). The authors discuss the effect 
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on various carbon steels of small amounts of carbon dioxide and 
of methane in dried generator gases from which most of the carbon 
dioxide has been removed. These gases represent the atmospheres 
produced by dry charcoal producers as well as by the more common 
generators making partially burned fuel-gas. 

A Theoretical Discussion of the Action of Solid Carburising 
Agents. H.W. McQuaid. (Transactions of the American Society 
for Metals, 1938, vol. 26, June, pp. 443-450). The author dis- 
cusses the part played by the charcoal and carbonate energiser 
contained in solid carburising agents in supplying a gaseous 
carburising medium, and he says that the function of the carbonate 
energiser is to supply the carbon dioxide when needed, and that 
of the charcoal to convert the latter to carbon monoxide and also 
to prevent the accumulation of carbon dioxide on the surface of 
the steel. The removal of carbon dioxide in compound carburising 
depends on the ability of the charcoal to adsorb carbon dioxide in 
preference to carbon monoxide. 

Factors Governing Selection of Type of Carburised Case. A. L. 
Boegehold and C.J. Tobin. (Transactions of the American Society 
for Metals, 1938, vol. 26, June, pp. 493-509). In this paper the 
authors examine the considerations governing the depth of case 
selected and the concentration of carbon desired at the surface of 
a case-hardened article. They also consider the way in which 
various types of stresses imposed upon motor-car parts are taken 
into consideration in determining the kind of case required to 
provide successful operation in service. These stresses are the 
result of crushing loads, bending loads and of sliding, rolling and 
abrasion. 

The influence of the shape of the part and surface imperfections 
in producing stress concentrations are discussed with the aid of 
Woodvine’s diagram. 

Gaseous Media for Carburising. G.T. Williams. (Transactions 
of the American Society for Metals, 1938, vol. 26, June, pp. 463— 
482). A general survey of the literature on the subject of the 
use of gaseous media for carburisation is given. Gas reactions 
within the carburising chamber in contact with austenite are dis- 
cussed and various simple gases considered. Carbon monoxide 
and many hydrocarbons are shown to be satisfactory carburising 
agents fulfilling the fundamental requirements—.e., ability to 
furnish atomic or nascent carbon to the steel surface up to the 
capacity of the surface to absorb it. From the same viewpoint 
commercially available gases, their special handling by dilution 
to reduce their activity, and particularly their tendency towards 
soot precipitation are discussed. 

Carburisation to a definite maximum carbon content may be 
performed by the use of dilute media of regulated carbon-supplying 
activity, or by permitting the hypereutectoid zone to be removed 
or decreased by diffusion. 
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An Internally Heated Electric Salt-Bath Furnace. F. P. Peters. 
(Metals and Alloys, 1938, vol. 9, Aug., pp. 183-188). A description 
is given of the Ajax-Hultgren electric salt-bath furnace. In this 
the lower portion of a single pair of elctrodes is submerged in the 
salt at the rear of the pot, and alternating current is fed through a 
step-down transformer. The distance between the electrodes is 
less than the distance between either electrode and the metal pot, 
or between the electrodes and the work. With this arrangement 
only the salt between the electrodes is heated by the passage of the 
current through it, but the molten salt between the electrodes is 
rapidly ejected by the electromagnetic effect, and the resulting 
vigorous stirring action keeps all portions of the bath constantly 
flowing in and out of the inter-electrode space. Most of the pro- 
duction furnaces have more than one pair of electrodes, depending 
on the working capacity and temperature desired. Some ex- 
perience gained in the use of this furnace for hardening gears, 
heat-treating hardware parts and for hardening steel engravings 
is also discussed. 

Electric Furnaces for Treating Tools. P. Mabb. (Metal Treat- 
ment, 1938, vol. 4, Summer issue, pp. 83-86). The author surveys 
the types of salt-bath and controlled-atmosphere furnaces now 
available for heat-treating tool steels, and discusses the important 
points to be observed when planning such an installation. 

The Use of New Steels in Motor-Car Construction. H. Eichler. 
(Metallwirtschaft, 1938, vol. 17, Aug. 26, pp. 911-913). The author 
discusses the development of the use of heat-treatable, case-harden- 
ing and oil-hardening steels in the German automobile industry, 
and declares that the great advancements made are largely due to 
the excellent co-operation existing between the steel producer and 
the user. 

Production and Heat Treatment of Chevrolet Springs. J. B. 
Nealey. (Industrial Heating, 1938, vol. 5, July, pp. 600-604, 
634). A description of the heat-treatment furnaces and equipment 
at the Chevrolet Works of the General Motors Corporation, Detroit. 
(See p. 226 a). 

Heat Treatment of Copper-Silicon Ferrous Castings. (Metal- 
lurgia, 1938, vol. 18, Aug., pp. 133-134). Brief particulars are given 
of the furnaces installed at the Dagenham works of the Ford Motor 
Co. for the treatment of copper-silicon-iron castings. This alloy 
has shock-resisting properties superior to those of steel, and com- 
ponents previously made by forging steel can now be made as 
castings in this alloy. Carefully controlled heat treatment is 
necessary, however, and three electric conveyor-type furnaces are 
used. The heating elements consist of Birlec extra-heavy cast 
nickel-chromium alloy ribs welded together to form continuous 
resistors, and these are mounted both above and below the roller 
track on which the material is carried through. The section of the 
lower elements is such that any scale falling from the work will 
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pass between them into a space below, whence it can be removed 
through clean-out openings in the side of the furnace. 

Electric Furnaces and New Methods of Case-Hardening. (Metal- 
lurgia, 1938, vol. 18, Aug., pp. 141-142). A description is given 
of an electric carburising furnace, the carburising atmosphere for 
which is produced by vaporising a blended oil known as ‘“‘ Carbonol.” 
There is a cast nickel-chromium retort at the bottom of the heating 
chamber. This retort is closed with a gas-tight cover carrying a 
motor-driven fan. The work is loaded into a perforated basket, 
which is placed in the retort. The cover is placed in position and 
the charge brought up to the required carburising temperature. 
Oil is then admitted to the closed retort. When the supply is 
turned on, the oil drips into the fan discharge, where it vaporises 
and is forced against the hot sides of the retort. The violent 
impingement of the partially cracked gas on the work causes 
further cracking to take place, which improves the activity of the 
carburising gas. Statistics are given which show the consumption 
of oil and electricity, the time for heating up and carburising, the 
depth of case obtained and other relevant data. 

Heat Treatment of High-Speed Tools. O. S. Cook. (Metals 
Treatment Society of New South Wales, Feb. 22, 1938: Heat 
Treating and Forging, 1938, vol. 24, June, pp. 294-297). After 
considering the selection of steel for particular purposes, the author 
describes the correct heat treatment for gear-cutters of high-speed 
steel. 

Note on a Differential Dilatometer. J. Paillard. (Arts et 
Métiers, 1938, vol. 92, July-Aug., pp. 72-74). A description is 
given of a recording dilatometer which produces simultaneously 
two cooling curves, one for a standard rod of “‘ Pyros ”’ steel, and the 
other for the steel to be tested. Some examples of its use are given 
and a specimen calculation shows how to ascertain the hysteresis. 

Fine Wire Bright Annealed in Novel Gas Furnace. J.B. Nealey. 
(Heat Treating and Forging, 1938, vol. 24, July, pp. 353-355). 
A furnace for the annealing of very fine Fourdrinier wire is described. 
(See p. 227 a). 

Furnace Atmospheres. A. A. Robertson. (Heat Treating 
and Forging, 1938, vol. 24, July, pp. 356-361). (See p. 227 a). 

Improved Annealing Covers for Tinplate. (Steel, 1938, vol. 103, 
Aug. 8, pp. 39, 56). Some improvements to horizontal radiant tube, 
gas-fired, annealing covers are described. These are used for 
annealing cold-reduced strip steel in coils prior to shearing. In 
each cover there are three instead of two rows of heating elements. 
By using these, two parallel rows of coils can be heated instead of 
one. Each cover has a single exhaust fan which entrains the gas 
for combustion and exhausts the products of combustion. The 
annealing chambers are heated with a mixture of blast-furnace 
and coke-oven gas with a calorific value of 300 B.Th.U. per cu. ft., 
supplied at a pressure of approximately 20 ounces. 
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The Box-Annealing of Thin Sheets, Realisation of the Optimum 
Thermal Conditions in the Tunnel Furnace. R. Gadret. (Chaleur 
et Industrie, 1938, vol. 19, May, pp. 321-329; July, pp. 445~ 
449; Aug., pp. 483-486). After a general discussion of the micro- 
structural changes brought about in thin steel sheets by annealing, 
the author discusses the tunnel furnace and its advantages and 
disadvantages for this purpose. He then comes to the objective 
of the research described here, namely, the improvement of the 
annealing process, with special reference to the causes of deformed 
edges and buckling of the sheets. To do this he gives an account 
of some thermal and analytical surveys made on the passage of 
gases through the annealing chambers of furnaces with which 
these difficulties were experienced. 

Cycle Annealing. J. B. Nealey. (Metals and Alloys, 1938, 
vol. 9, Aug., pp. 198-200). A description is given of two pusher- 
type annealing furnaces at the foundry of the Ford Motor Co. of 
Canada, Ltd. These are placed one above the other, and each is 
designed to perform the triple operation of heating, air-cooling 
and reheating which is known as cycle annealing. The two furnaces 
are continuous in operation and automatic as to temperature 
control. By working them in opposite directions only two attendants 
are required. 

Cold Rolled Sheets, J. C. Eckel. (American Society for 
Metals, May 20, 1938: Steel, 1938, vol. 103, July 25, pp. 48-49). 
The author discusses the correct heat treatment to apply to cold- 
rolled sheets in order to produce the grain structure and physical 
properties required for subsequent stamping and pressing operations. 

Grain Growth in Normalised Sheet Steel during Box-Annealing. 
M. L. Samuels. (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 941; Metals Technology, 
1938, vol. 5, Aug.). The author describes a number of tests carried 
out to ascertain the effects of box-annealing on the structure of 
steel sheets which had been normalised in a variety of ways. He 
discusses the results obtained by box-annealing at 1375° and at 
1450° F., which were : (1) No abnormal growth occurred if the sheet 
had been heated previously to 1850° F. and cooled in the tube 
furnace at 40° F. per min. (2) Typical exaggerated growth did 
occur if the sheets were reheated to 1850° F. and cooled in air. 
(3) Cooling rates between normalising and 40° F. per min. produced 
a graded series as regards growth, the greatest growth resulting 
from the fastest cooling. (4) Cooling in air from temperatures 
slightly above to slightly below the point of maximum transforma- 
tion (the Ar, point) resulted in no growth. (5) Cast material that 
had previously been normalised from 1950° F. gave typical abnormal 
grain growth. This removes the possibility of residual rolling 
strains stimulating growth. (6) Specimens from several killed 
heats made in a 15-lb. induction furnace did not show growth after 
normalising from 1850° F. (7) Specimens of commercial Izett 
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steel did show typical growth in a few cases after normalising 
from 1850° F. (8) Growth usually occurs in the skin or rim zone 
of the sheet, but the exceptions are too numerous to be classed as 
accidental. 

The Hardening of Steel. J. M. Pethebridge. (Metals Treat- 
ment Society of Victoria, May 5, 1938 : Australasian Engineer, 1938, 
vol. 38, June 7, pp. 28-31; July 7, pp. 12-15). The author gives 
an outline of the present-day theories underlying the heat treat- 
ment of steel. In the first part he discusses the structural con- 
stituents, temper products, the iron-carbon diagram, atomic 
structure and the formation of austenite. In the second part of 
his paper the author examines in great detail what happens when 
austenite is cooled rapidly, and explains the mechanism of the 
change from austenite to tetragonal martensite. He then outlines 
the theoretical considerations involved in the quenching of steel 
in air, oil, water and brine, and explains the curves obtained by 
Davenport and Bain in which the ordinates represent the tem- 
peratures of the quenching bath and the abscisse represent the 
logarithms of the times of immersion. These curves show for any 
quenching-bath temperature the progress of the Ar, or Ar, trans- 
formations with the resulting hardness. In conclusion, the following 
general types of tempering are considered : (a) The relief of stresses, 
(b) tool tempering, and (c) tempering for toughness, applicable to 
steels of the structural type. 
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Digest of Welding Processes and Equipment. K. L. Hansen. 
(Metal Progress, 1938, vol. 34, Aug., pp. 115-120). The author, 
after reviewing all the processes of welding, discusses the charac- 
teristics of generators for electric welding. He deals in particular 
with the behaviour of generators during the period of readjustment 
after a sudden change of resistance ; this is known as its transient 
performance. The transient performances of two typical generators 
are studied by means of oscillographs, and the author shows how 
to use these to predict the welding performance of a machine. 

Spot, Butt and Seam Welding. P. R. Dunn. (Leeds and 
District Welding Society, Mar. 10, 1938: Welding Industry, 1938, 
vol. 6, June, pp. 182-186). After a brief description of the principles 
of electric resistance welding, the author surveys the more general 
developments and applications, and concludes with some remarks 
on the cost of the process. 

Factors in Low Cost Manufacture of Welded Products. E. W. P. 
Smith. (American Society of Mechanical Engineers, June, 1938: 
Tron Age, 1938, vol. 141, June 30, pp. 36-39; vol. 142, July 14, 
pp. 50-51, 55). The author presents a comprehensive analysis of 
methods of costing in the welding industry which covers not only 
the actual welding process but also the preparation and finishing 
operations. In the concluding part of his paper he discusses the 
efficiency of welding generators and the cost of current consumed. 
Using figures taken from American welding practice, he demon- 
strates a simple method of combining the costs of labour, electrodes 
and current for estimating purposes. 

Specification of Tests and the Issue of Certificates to Qualified 
Gas and Electric Welders. (Revue de la Soudure Autogéne, 1938, 
vol. 30, Aug., pp. 462-479). A complete specification is given of 
the tests for welders as laid down by I’Institut de Soudure Autogéne. 
These supersede those issued in July, 1936. 

American Welding Society Tentative Rules for Welding of Oil 
’ Storage Tanks. (Welding Journal, 1938, vol. 17, Aug., pp. 32-36). 
The Committee appointed at the Autumn, 1933, meeting of the 
Society presents the rules they have drawn up for the design and 
construction of welded oil storage tanks. 

Conference on Welding. (Revue Universelle des Mines, 1938] 
vol. 14, June, pp. 407-587). The entire June issue of this journal 
is devoted to the publication of the papers read before a conference 
on welding arranged by I’Association des Ingénieurs Sortis de l’Kcoe, 
de Liége, held on Feb. 18 and 19, 1938. The following is a list of 
the papers read : 





a a oe 





WELDING AND OUTTING. 297 a 


M. Gugrm: Belgian and Foreign Rules relating to the Welding 
of Pressure Vessels and Boilers. 

A. Spottansky : Belgian and Foreign Rules Relating to Welding. 

H. Louis: The Internal Stresses and Deformation of Welded 
Structures. 

L. Rornants: The Welded Steel Framework of the Royal 
Natural History Museum in Brussels. 

J.Sack : The Movement of Metal in the Welding Arc. 

W. BonnomMzE: Metallurgical Principles of Oxy-Acetylene Cutting. 

W. Bonuomme: The Weldability by the Oxy-Acetylene 
Process of Chromium-Molybdenum Steels Used in Aeroplane 
Construction. 

H. Bare: An Example of the X-Ray Inspection of a Welded 
Structure. 

A. Kuuprert and X. Orin: The Application of [Ignitron and 
Thyratron] Valves to Resistance Welding with Particular 
Reference to Aluminium and its Alloys. 

E. Prerre: The Inspection of Welds and Control of Welding 
Procedure. 

J. Sack: Is it Logical to Stipulate a Minimum Tensile Strength 
of Deposited Weld Metal in a Specification ? 

E. Witmet: The Automatic Oxy-Acetylene Welding of Sheets. 

E. Warnant: Progress of Welding Technique and its Effect 
on Design. 

P. Basquin: Atomic Hydrogen Welding. 

F. Campus: Fatigue Testing of Welded Rails. 

T. CouRaRD : Progress i in the Application of the Oxy-Acetylene 
Flame. 

F. DanurerR: High Quality Oxy-Acetylene Welding. 

M. LEFEVRE: High Quality Electrodes for Arc- Welding. 

G. Morzssex : The Manufacture of Welded Mechanical Structures. 

A. VANDEGHEN and E. DortEetT: Same Applications of Welding 
at the Works of La Société Cockerill. 

U.GorDENNE: Framework Construction for the State Geological 
Department and Boiler House of the Royal Natural History 
Museum in Brussels. 

E. Loarest: The Welded Bridge at Haccourt. 

A. GRANIER: The Use of the Oxy-Acetylene Blowpipe to Remove 
Defects in Steel. 

F. CAmpus: The Inspection of Welded Structures. 

W. BonnommMe: The Development of the Welding Process. 


Reconditioning Diesel Castings. J. K. Johannesen. (Welding 
Industry, 1938, vol. 6, July, pp. 188-190). The author describes 
briefly the procedure adopted for effecting repairs to cylinder 
heads, water jackets and piston heads of marine Diesel engines. 
In his opinion it is better to use the oxy-acetylene process for 
cylinder head repairs. 
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The Tendency of Chromium-Molybdenum Steels to Form Fissures 
on Welding. P. Bardenheuer and W. Bottenberg. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 
20, No. 7, pp. 77-86). A number of tests were made to determine 
the effect of different melting processes in steelmaking on the 
welding properties of 1 mm. thick sheets rolled from the steels 
produced. It was found that increased quantities of carbon, 
aluminium, phosphorus and more especially sulphur increased the 
tendency to fissure formation, but the influence of these elements 
was much less than the effect of varying the melting technique. 
The most important point to observe in producing a steel having a 
low fissure formation tendency is to make sure that the melt is kept 
at a vigorous boil for a sufficient length of time. With regard to the 
assumption that weld fissures formed during the transformation 
temperature range, it was established that internal stresses due to 
the consecutive pearlite and martensite transformations as well as 
the material and temperature stresses, all contributed to fissure 
formation. The difference in the behaviour of the various sheets 
tested is due to the effect of hydrogen. As the hydrogen absorbed 
during welding only causes stresses when the material contains a 
certain amount of non-metallic inclusions, the formation of oxides 
must be kept as low as possible by careful control of the steel- 
making process. The lower the content of oxide inclusions in the 
steel, the greater are the permissible amounts of phosphorus and 
sulphur ; and this is important because it is not always possible to 
keep these elements sufficiently low in the melting process. The 
ability of hydrogen to cause fissure formation increases with increased 
grain size. The hardness of welds depends entirely upon the com- 
position of the steel, and has no direct relationship to fissure forma- 
tion tendency. 

The Occurrence of Cracks in Welds. C. Stieler. (Metal Treat- 
ment, 1938, vol. 4, Summer issue, pp. 53-55, 52). An abridged 
translation of an article in Stahl and Eisen, 1938, vol. 58, Mar. 31, 
pp. 346-350. (See p. 24 a). 

Shrinkage Stresses in Welds. S.A. Eskilson. (Welding Journal, 
1938, vol. 17, June, Supplement, pp. 21-25). The author gives a 
detailed description of a special instrument devised to determine the 
turning bending shrinkage which occurs on the cooling of electric 
- are and oxy-acetylene welds. The turning bending shrinkage is the 
turning and bending effect which is caused on the edge of a joint by a 
transverse shrinkage unevenly distributed in the direction of the 
depth of the joint. In arc welds a pronounced tension stress was 
found at the surface of the plates and a compressive stress 
between them, whereas in the oxy-acetylene welds there are only 
slight compressive stresses at the surfaces and a tension stress in 
the middle. 

An Investigation of the Tensile and Torsional Strength of Weld- 
Metal and Welded Joints. J. R. Grandinetti. (Welding Journal, 
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1938, vol. 17, Aug., Supplement, pp. 27-29). The author discusses 
the results of a series of tensile and torsional tests carried out on 
steel-plate specimens welded with 200 amp. D.C. current and 
#s- and }-in. dia. mineral-coated electrodes. Two sets of specimens 
were prepared ; in one the weld metal was deposited in beads, and in 
the other it was deposited in layers. There were four specimens in 
each set, and these were subjected to different treatments as follows : 
The first pair was peened cold, the second pair was left as welded, the 
third pair was annealed at 1200° F. for 1} hr. and the fourth pair was 
annealed at 1620° F. for 1} hr., then cooled to 1000° F. and then 
annealed again at 1550° F. for 14 hr. to refine the grain structure. 
The only specimens which gave tensile test results below standard 
were those that were annealed at 1620° F. and 1550° F. This leads 
to the conclusion that from the standpoint of strength characteristics, 
1200° F. is the maximum temperature to be recommended for heat 
treatment. The results showed that the properties of the bead and 
layer types of weld deposit are the same for torsional loading as for 
tensile loading, and that the latter type produces a higher elastic 
limit than the former. 

Endurance Tests of Welds at Elevated Temperatures. A. Amatulli 
and O. H. Henry. (Welding Journal, 1938, vol. 17, June, Supple- 
ment, pp. 14-20). The authors describe the test procedure and 
fatigue-testing machine used for polished specimens, 0-300 in. in dia., 
machined from mid-depth of a butt weld in a plain carbon steel 
(0-18% carbon). The tests were made at various temperatures up to 
500° C. The results are shown in tables and are related to 
photomicrographs of sections of the test-pieces. 

Resistance-Welding Plant for Stainless Steels. (Welding In- 
dustry, 1938, vol. 6, July, pp. 210-212). A resistance-welding 
installation manufactured by Soudure Electrique Languepin for 
the welding of austenitic stainless work-hardening steels is described. 
The control cabinet is of particular interest, as it includes registering 
apparatus which takes the form of a registering ballistic galvano- 
meter. This traces a diagram of the work done, drawing a graph in 
which the ordinates are proportional to the square of the intensity 
and of the time. This diagram permits the quality of the welding 
to be controlled once it is completed. The special type of tongs 
supplied is of ingenious design, as it has an intermediate piece which 
permits the lower arm to be removed without difficulty; the 
tongs are provided with pistons, either hydraulically or pneumatically 
controlled, which can be used with a whole series of different types of 
lower arms. 

Welding Vanadium Steels. W. Spraragen and G. E. Claussen. 
(Welding Journal, 1938, vol. 17, June, Supplement, pp. 26-29). 
The authors review and classify the literature to July 1, 1937, on this 
subject under the headings of the following qualities of steel : 
(a) Carbon-vanadium, (b) manganese-vanadium, (c) molybdenum- 
vanadium and (d) nickel-vanadium. 
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Welding Manganese Steels. W. Spraragen and G. E. Claussen, 
(Welding Journal, 1938, vol. 17, Aug., Supplement, pp. 1-22). 
The authors present a review of the literature to July, 1937, on the 
welding of manganese steels. 

Arc-Welding Atmospheres. G. E. Doan and A. M. Bounds. 
(Welding Journal, 1938, vol. 17, June, Supplement, pp. 1-4). 
The authors describe a series of welding experiments carried out in 
a number of different gases, and discuss the properties of the welds 
produced. Steel welds in argon are almost invariably porous ; 
whilst crater formation is absent, penetration by simple fusion can 
be obtained by the use of currents of the order of 200-250 amp. in 
}-in. wire on }-in. thick plates. An open circuit voltage of 135 is 
necessary to obtain a stable arc. True crater formation was not 
observed in any of the gases used, although hydrogen showed some 
tendency in this direction. All of the steel welds made in hydrogen 
and in a mixture of hydrogen and nitrogen were porous to the degree 
that tension tests would be meaningless. The same is true of pure 
iron welds made in hydrogen. Welds made in illuminating gas are 
fairly sound but very hard and brittle. The preliminary tests made 
in carbon monoxide were porous, but the tests on welds made in this 
gas are not complete. 

Weight Reduction. (Steel, 1938, vol. 103, Aug. 22, pp. 51-55; 
Aug. 29, pp. 43-45). A description is given of the welding machines 
and welding procedure adopted by the Pullman-Standard Car 
Manufacturing Co. to manufacture railway passenger coaches for 
high-speed trains. 

Economy in Steel by Welding. H. Aureden. (Zeitschrift des 
Vereines deutscher Ingenieure, 1938, vol. 82, Aug. 27, pp. 1027- 
1031). The author discusses the use of electric welding, and by 

referring to practical examples such as railway trucks, passenger 
coaches, locomotives, building frames and ships, shows how a great 
reduction in the consumption of finished steel has already been 
effected in Germany. 

Applications of Metallic Arc Welding. E. D. Lacy. (Metal 
Treatment, 1938, vol. 4, Summer issue, pp. 59-63, 70). The author 
describes some of the different kinds of welding plant and electrodes 
used in metallic arc welding, and then discusses the welding of 
stainless steel, copper, brass, bronze, Monel metal and cast iron. 

Speeding the Construction of Overland Pipe-Lines. G. Sykes. 
(Welding Journal, 1938, vol. 17, Aug., pp. 11-15). After briefly 
reviewing the factors leading to present-day pipe-line construction 
methods, the author describes new 4- and 6-flame tips for oxy- 
acetylene welding torches which are claimed to make possible a 
considerable increase in the speed of welding with a reduced con- 
sumption of gas. The author also describes a technique employed 
to weld long lengths of pipe-line in the field; this is known as the 
“one-third roll ’’ method. In this the lengths of pipe are lined up 
on skids over the trench and tack-welded to form lengths of from 280 
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to 2000 ft. The welders then weld the top two-thirds of each joint, 
starting at the 12-o0’clock position and welding down to the 4-o’clock 
position on one side, and then recommencing at the 12-o0’clock 
position and welding down to the 8-o’clock position on the other side. 
When this is done the pipe-line is rolled one-third of a revolution, 
and the remaining third of the joint is welded. 

70 Miles of Welding. G.H.Koven. (Machinist, 1938, vol. 82, 
Aug. 13, pp. 634-635). The author describes how certain diffi- 
culties were overcome in the manufacture of 35 miles of rectangular 
steel tube 3 in. x 2 in. X } in. thick. The tube was made in 22-ft. 
lengths by welding together two hot-rolled steel channels. The 
principal difficulty was the warping, which began as soon as 
the heat for the weld was applied. A special jig and rack bed were 
used to hold the channels during welding, and an even pressure was 
applied to them throughout their length by laying a fire-hose 
between a fixed angle bar and the channels, and expanding it with 
air at 50 Ib. per sq. in. 

Shop Fabrication of Large-Diameter Welded Steel Pipe. L. A. 
Muffler. (Western Metal Congress, Los Angeles, Mar. 21-25, 
1938 : Welding Journal, 1938, vol. 17, June, pp. 3-6). The author 
describes the fabricating, welding and testing procedure adopted 
in the manufacture of a water-main in sections about 33 ft. long, 
from 9 ft. 8 in. to 11 ft. 6 in. in dia., of steel plate from -{ in. to 3} 
in. thick. 

Design and Fabrication of High-Temperature and High-Pressure 
Piping. F.C. Fantz. (American Welding Society, Los Angeles, 
Mar. 21-25, 1938: Welding Journal, 1938, vol. 17, June, pp. 7-15). 
A description is given of the welding technique used in the manu- 
facture of flanges, elbows, reducers, T’s, sockets and valves required 
for service under conditions of high pressure and temperature. 
A series of drawings shows the dimensions of the prepared grooves 
for various thicknesses of material, and the author concludes 
with some advice on testing methods. 

Stresses in Welded Pipes with Internal Pressure and End Thrust 
or Tension. S.J. Palmer. (British Association, Cambridge, Aug. 
24, 1938 : Engineering, 1938, vol. 146, Sept. 2, pp. 289-291). The 
author describes a series of tests on sections of solid-drawn steel 
tubes which were made in order to investigate the limits of pressure 
which may be applied to them. One end of the section to be 
tested was welded to a 1}-in. plate, and the other to a ring that 
was coupled to a turned disc by means of a standard Victaulic 
joint; both ends were thus closed as in a shop pressure test. The 
two specimens tested were cut in two and welded by a circum- 
ferentialseam. Pressure was applied by means of a hand-pump until 
the tubes burst. The welds between the thin tubes and the thick 
plates resisted bending without cracking. The Victaulic joint in 
one tube withstood the full bursting pressure without showing any 
signs of distress. The value of the lower yield point of the normalised 
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mild steel, determined in the tensile tests, was used as a basis from 
which to estimate the internal pressure at which a straight pipe 
might be expected to yield when free from end loading. The 
method considered to be most consistent for finding the limiting 
pressure at which a tube actually yields slowly in the plastic manner, 
was to read the pressure after an interval of three minutes from the 
cessation of pumping. During this interval the pressure falls at a 
decreasing rate, and becomes steady at a value which can be read 
consistently. 

Spot Welding of Aircraft Materials. C. L. Hibert. (American 
Welding Society, Los Angeles, Mar. 21-26, 1938 : Welding Journal, 
1938, vol. 17, June, pp. 22-26). The author describes the plant 
required and the general considerations governing the electrical- 
resistance spot welding of stainless-steel sheets and aluminium 
alloy sheets for aeroplane manufacture. The advantages and 
limitations of the process are discussed, and compared with those 
of riveting. 

Welding in Modern Building Construction. H. Lawson. (Weld- 
ing Journal, 1938, vol. 17, Aug., pp. 3-10). The author considers 
the costs of riveting and welding steel buildings, and reproduces a 
number of tables showing permissible loads for several types of 
welded connections which arise in fabricated steelwork. 

A New Type of Welded Gasholder. (Welding Industry, 1938, 
vol. 6, Aug., pp. 229-233). A description is given of a welded- 
steel waterless gas-holder recently completed at Dagenham for 
the Ford Motor Co. 

New Strip Welder. R.E. Kinkead. (Steel, 1938, vol. 103, July 

18, pp. 52-55). A brief description is given of a shearing and 
welding machine used by the United Engineering and Foundry Co., 
Pittsburgh. The machine is placed between the rotary pickler and 
the 48-in. reversing cold mill. The shear is of the open throat 
up-cut type and is retractable. After the rear end of the leading 
strip has been sheared and the forward end of the trailing strip has 
been sheared and matched, the shear unit moves back from its 
position and pulls the welding head into place. The welding is 
carried out by multiple-nozzle oxy-acetylene blowpipes, the welding 
heat being automatically controlled by an instrument incorporating 
a photo-electric cell. 
Fr Testing the Weld Sensitivity of Structural Steel St 52 on Bend- 
Test-Pieces with Longitudinal Beads. G. Bierett and W. Stein. 
(Welding Industry, 1938, vol. 6, Aug., pp. 245-247). A translation 
of an article which appeared in Stahl und Eisen, 1938, vol. 58, 
Apr. 21, pp. 427-431. (See p. 23 A). 

Metallurgical Considerations of Welding. E. J. Raymond. 
(Metals Treatment Society of New South Wales, June 28, 1938: 
Australasian Engineer, 1938, vol. 38, July 7, pp. 20-22). The author 
describes the changes which take place in the structure of mild steel 
and stainless steel when welded by the oxy-acetylene process, and 
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discusses the effects of flame-cutting on the properties of steel, as 
well as the bronze welding of cast iron. 

Some Methods of Welding Control Used in Shipbuilding. E. 
Patry. (Bulletin de la Société des Ingenieurs Soudeurs, 1938, vol. 9, 
Mar.—Apr., pp. 3117-3127). The author refers to the Bureau Veritas 
regulations on the welding of steel in shipbuilding, and discusses 
the design of welds and measures adopted to ensure that the finished 
welds will comply with the standards requirea. 

X-Ray Researches on the Effects of Faults in Welds on the 
Mechanical Properties of Mild Steel. H. Koganei and H. Nakamura. 
(Transactions of the Society of Mechanical Engineers, Japan, 1938, 
vol. 4, May, pp. 172-178). (In Japanese). 

Welding Rods for the Acetylene Welding of Steels with Special 
Reference to the Tendency to Form Fissures. P. Bardenheuer and 
W. Bottenberg. (Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1938, vol. 20, No. 7, pp. 87-90). The authors 
describe experiments undertaken to find a means of reducing the 
fissure-formation tendency when welding unalloyed and chromium- 
molybdenum steel sheets. It was found that the use of certain 
nickel-alloy welding rods fulfilled this purpose, and that the strength 
properties of the welds obained with these rods were sufficient for 
practical requirements. 

Flame Cutting and Welding in Steel Mills. C. H. S. Tupholme. 
(Welding Industry, 1938, vol. 6, June, pp. 165-166). The author 
describes how flame cutting and welding can be used as a means of 
repairing open-hearth furnace doors and air and gas valves and for 
making furnace port coolers. 

Oxy-Acetylene Welding by Pressure. (Revue de la Soudure 
Autogéne, 1938, vol. 30, June, p. 414). The method of joining 
two steel parts by heating with the oxy-acetylene flame and 
forcing them together with sufficient pressure to obtain molecular 
union is described. 

Special Scrap-Cutting Car Employed in Yards of Large Steel Mill. 
O. Trentham. (Iron Age, 1938, vol. 142, Aug. 4, pp. 40-41). A 
description is given of a special enclosed railway truck to carry a 
large acetylene generator and racks of oxygen bottles with manifolds 
and external gas connecting points for use in the cutting of scrap 
at a large steelworks. 
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Cleaning Strip Steel before Tinning. W. P. Drake. (Iron Age, 
1938, vol. 141, Apr. 21, pp. 32-33, 75-76). In American mills the 
cleaning of cold-reduced strip steel is carried out as a continuous 
alkaline cleaning operation in a spray-type power washer, an electro- 
lytic tank and a rinse tank. The author gives a general outline 
of the process, and then discusses in more detail the most suitable 
chemicals for rapid and thorough cleaning, with particular reference 
to sodium orthosilicate. The electrical conductivities and the pH 
values of some solutions are compared. 

Getting the Most from Modern Inhibitors for Acid-Pickling 
Processes. (Sheet Metal Industries, 1938, vol. 12, June, pp. 693- 
694). In this survey of the modern chemical inhibitors it is stressed 
that there are so many pickling problems that no single product 
can cover all purposes, neither can recommendations be given to 
suit all operations, and the best results can only be obtained by 
supervision and experiment in the initial stages. 

Pickling Sheets. J. A. Cronin. (Steel, 1938, vol. 102, May 16, 
pp. 61-62). A brief description is given of the system adopted for 
moving sheets for batch pickling and scrubbing at a large American 
steel mill. The system combines gravity conveyors, turntable 
sections, fibre disc conveyors and a series of roller tables to carry 
sheets to the various operations. 

Spent Pickle Liquor. (Steel, 1938, vol. 103, July 25, pp. 35-36, 
61). The introduction of the continuous rolling process of making 
steel strip has led to the use of high acid concentrations in the 
pickling baths, with the result that the discarded liquor contains 
as a rule more acid than was the case when the mills were not 
continuous. In this article a process is described for treating spent 
liquor to produce a clear, uncontaminated effluent which can safely 
be discharged into sewers or rivers, or can be used for cooling 
purposes. A precipitate is recovered which can be made into 
insulating bricks. In this process the spent liquor is collected into 
a storage reservoir, from which it is pumped into two or more 
precipitating tanks. In these it is neutralised with calcium- or 
magnesium-base alkalis at a temperature of 160° F. The free 
sulphuric acid is neutralised, and iron salts are precipitated. The 
latter are removed in filter presses, and a plastic material is obtained 
which is passed through a pug-mill. After being de-aired, the 
material can be cut up into shapes or ground up. In brick form 
the material resembles wood. It is homogeneous and tan in colour, 
and is extremely porous. It is claimed to have excellent fire- 
resisting properties. 
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Specification Plating—Methods of Determining Quality. N. Hall. 
(Metal Industry, 1938, vol. 53, Aug. 19, pp. 183-185). The develop- 
ment of plating to specification in the electro-plating industry has 
forced the majority of plants to equip themselves with instruments 
for testing the thickness and quality of the coatings. The author 
describes the various testing methods which are in use to-day, and 
discusses their applications in works practice. 

Clad Steel Sheets. S. Schéne and W. Radeker. (Metal Treat- 
ment, 1938, vol. 4, Summer issue, pp. 56-58). An abridged trans- 
lation of an article in Stahl und Eisen, 1938, vol. 58, Mar. 24, pp. 
313-316. (See p. 29 A). 

Adherent Nickel Plating. E. E. Halls. (Metallurgia, 1938, vol. 
18, Aug., pp. 139-140). The author considers the factors upon 
which the adherence of nickel-plate coatings depends—namely, the 
cleaning, surface preparation and nickel-plating proper. He 
emphasises what each stage in the operation can achieve, and 
describes in detail the bath compositions used for the anodic 
sulphuric acid etching treatment of steel. 

Metallic Coatings. (Steel, 1938, vol. 102, June 20, pp. 60-65). 
A method, known as the Martin process, for coating metals upon 
metals is described. Whilst it has not yet been developed for 
commercial use, the experimental stage has shown that coatings 
produced in this manner possess several excellent characteristics. 
The process utilises a chemical reaction between the surface metal 
of an object and a volatile salt containing the metal to be deposited. 
High temperatures accelerate the replacement reaction, resulting 
in the diffusion of the coating metal into the base metal and the 
formation of alloys at the surface. The reaction can be expressed 
thus : 

A+Bc—>B+ Ac 


where A is a solid metal, and Be a volatile salt consisting of a coating 
metal B and a negative radical c. This is a replacement reaction 
in which metal B replaces metal A atom for atom. The action is 
reversible and the quantity of B replacing A depends upon such 
factors as temperature, pressure and concentration. The application 
of this process to coat iron with aluminium is described. The 
deposition takes place in an inert or reducing atmosphere containing 
aluminium chloride gas at a temperature of from 750° to 1100° C. 
The aluminium replaces the iron atom by atom. The change from 
aluminium chloride vapour and solid iron to iron chloride vapour 
and solid aluminium reverses throughout the lower temperature 
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range of 550-650° C. At the higher temperature range, aluminium 
is displaced from its chloride by iron. The process has been carried 
out successfully in atmospheres of hydrogen, of dissociated ammonia 
gas, of volatilised and dissociated ammonium chloride, and of town 
gas. The application of the Martin process for other coatings is 
discussed, some experimental furnaces are described and photo- 
micrographs show sections of steel and copper which had been 
coated in this way. 

Control of Magnetic Quality by Surface Treatment. T. F. Wall. 
(Engineer, 1938, vol. 165, June 17, pp. 667-669; June 24, pp. 
701-702). The author describes an investigation on the effects of 
surface treatment of magnetisable wire on the magnetic quality of 
the wire in the aggregate. In the first part of the article the results 
are given for a series of pure nickel wires to which no surface 
treatment had been applied. The effect of copper-plating a similar 
series of nickel wires and subjecting them to the same heat treatment 
as the uncoated wires was examined. The results showed that 
the copper coating improved the magnetic quality to a notable 
degree as regards permeability, coercive force and hysteresis loss. 
In the second part a similar investigation of Armco iron wire is 
considered in which the same general results were obtained as for 
nickel wire. The preliminary results of tests made on manganese- 
coated iron wire showed that a remarkable improvement of the 
magnetic quality of the iron was obtained in this way. 

Aluminium as a Surface Protection for Steel. H. Hoff. 
(Metallurgia, 1938, vol. 18, Aug., p. 144). An abridged translation 
of an article which appeared in Stahl und Eisen, 1938, vol. 58, 
May 26, pp. 565-568. (See p. 154 4). 

Galvanising Problems from the Metallurgist’s Viewpoint. W. M. 
Peirce. (Iron Age, 1938, vol. 141, May 26, pp. 34-36). The author 
discusses briefly the important points of successful galvanising by 
the hot-dip process, laying stress upon the surface produced by the 
pickling process and on the time of immersion in the galvanising 
bath. The effect of the presence of aluminium on the composition 
of the iron-zine alloy layer is examined in relation to the problem 
of fluxing. 

The Electrolytic Deposition of Zinc on Wire and Strip. I. 
Sportelli. (Revue de Métallurgie, Mémoires, 1938, vol. 35, May, 
pp. 213-219). The author compares the hot-dip method with the 
electrolytic method, and describes a continuous electrolytic zinc 
depositing plant for coating wire and strip through which, for 
example, 0-3-0-4-mm. diameter wire can be passed at a speed of 
70-85 m. per minute. Several graphs are given showing the voltage 
in relation to the amperage used per unit of area in degreasing, 
pickling and electrolytic depositing baths. 

A Contribution to the Study of the Formation of Zinc Coatings. 
H. Bablik. (Korrosion und Metallschutz, 1938, vol. 14, May, pp. 
168-172). In this article J. Schramm’s equilibrium diagram for 
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zinc-iron alloys is reproduced and discussed, and the author studies 
the structure of the boundary layer formed when galvanising at 
various bath temperatures by the hot-dip process. 

Galvanising Quality. R. W. Sandelin. (Steel, 1938, vol. 103, 
July 4, pp. 44, 56, 61). An investigation of the causes of spots in 
the coatings of galvanised steel showed that it is necessary to 
employ the proper operating procedure in the galvanising plant to 
suit the steel used. The author here discusses the results of tests 
on twenty different steels with carbon ranging from 0-16 to 0-34%, 
manganese from 0-31 to 0-64%, phosphorus from 0-009 to 0-088% 
and sulphur from 0-024 to 0-050%. 

Progress in Zine Coating and Electro-Galvanising of Sheet and 
Wire. W. M. Peirce. (Metal Progress, 1938, vol. 34, July, pp. 
53-55). The author compares the advantages and disadvantages 
of electro-galvanising with those of the hot-dip process. The 
former process has attained commercial importance for the coating 
of wire, and is now being extended to the sheet-making industry. 
Some suggestions to improve the zine coatings produced by the 
hot-dip method are put forward. The effect of the addition of 
aluminium on the iron-zinc alloy between the steel sheet and the 
zine coating is a field requiring further study. The author con- 
cludes by examining the effects produced by impurities present in 
the commercial zinc used for galvanising. 

Developments in Galvanising Furnaces. (Industrial Heating, 
1938, vol. 5, May, pp. 410-414, 420). A brief survey is made of 
improvements recently brought out in galvanising furnace design. 
These have been applied to furnaces heated in a variety of ways 
such as direct firing, recirculation of air heated in an external 
heater, semi-recirculation, and radiant tube heating. 

Bethlehem Operates New Galvanising Unit. F. S. Eckhardt. 
(Iron Age, 1938, vol. 142, Aug. 11, pp. 25-27, 58). The author 
describes the sheet mills and new galvanising plant at the Lacka- 
wanna Works of the Bethlehem Steel Co. These mills can produce 
sheets of from No. 10 to No. 30 gauge in widths up to 60 in. for the 
heavy gauges and 36 in. for No. 30 gauge, in 12-ft. lengths. 

Galvanising Steel Wire by the Tainton Process. G. Eger. 
(Zeitschrift des Vereines deutscher Ingenieure, 1938, vol. 82, 
Aug. 13, pp. 959-960). The author presents a brief account of the 
Tainton electrolytic galvanising process, the unusual feature of which 
is that the zinc is supplied in the form of roasted zinc ores which 
are first treated with dilute sulphuric acid. The liquor is then 
filtered to remove undissolved residues which contain iron, lead, 
arsenic and antimony. The filtered solution passes next into a 
mixing tank, where powdered zinc is added ; this precipitates other 
impurities such as copper and cadmium, leaving a neutral zinc 
sulphate solution containing about 220 g. per litre of zinc, which 
is used in the galvanising bath. 

Sheet Galvanising. R. J. Wean. (American Zinc Institute, 
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Apr., 1938: Iron Age, 1938, vol. 141, June 30, pp. 27-29: Steel, 
1938, vol. 103, Aug. 15, pp. 56-58). In this discussion on the hot- 
dip process, the author refers to the percentage variation in the 
iron content of a spelter bath at various levels, and advances the 
opinion that there is a definite relationship between the thickness 
of the brittle iron-zinc boundary layer of a galvanised sheet and the 
iron content of the bath. The author also points out that the long 
baths now in use require two sets of bottom rolls and these disturb 
the dross or iron particles in suspension, and thus increase the iron 
content on the sheet or cause dross spots to appear. 

Bright Zinc Plating. R. L. Douglas. (Steel, 1938, vol. 102, 
May 23, pp. 60-62). The author describes briefly the zinc-plating 
equipment recently installed at the Coraopolis works of Messrs. 
Russell, Burdsall, and Ward Bolt and Nut Co. This consists of a 
vapour degreasing machine, a pickling system and a three-barrel 
multiple plating unit. The barrels of the plating unit and rinse 
tanks are made of hard rubber, impregnated with mica. The nuts 
to be plated are handled in Monel metal open-mesh baskets in all 
operations prior to the actual plating. The whole process is carried 
out by one operator at very low cost. 

Bright Zinc Electroplating. E. Armstrong. (Metal Treatment, 
1938, vol. 4, Summer issue, pp. 71-76). The author compares bright 
electro-zinc coatings (from a special cyanide bath containing a 
“ brightener,”’ composition unstated) with the older matt coatings 
produced in cyanide or acid baths. He describes the behaviour of 
each type of coating under various conditions in accelerated corrosion 
tests, and considers that the following conclusions are justified by the 
results obtained : (1) Bright electro-zinc coatings provide rust pro- 
tection to iron and steel at least equal to normal matt cyanide zinc 
coatings, superior to direct sulphate zinc coatings and equal to 
sulphate zinc coatings over a nickel underlay ; (2) bright electro-zinc 
coatings with an additional lacquer finish of correct type retain their 
colour and appearance well, being superior to matt cyanide zinc and 
equal to sulphate zinc coatings in this respect ; (3) in the unlacquered 
condition, under adverse conditions of exposure or handling, 
darkening of bright zinc coatings can be anticipated; (4) bright 
electro-zinc coatings exhibit exceedingly good uniformity of thick- 
ness over the irregular surfaces of individual articles, establishing 
that the throwing power of the bright zinc electrolyte is at least 
equal to that of established cyanide zinc solutions. 

How to Metal Spray. J. G. Magrath. (Metal Industry, 1938, 
vol. 53, Aug. 5, pp. 123-125: Welding Journal, 1938, vol. 17, 
June, pp. 16-21). In a metal-spraying apparatus a compressed-air 
turbine drives a series of speed-reducing gears which feed the metal 
wire at uniform speed into and through a nozzle to a tip where an 
oxy-acetylene flame melts the wire. A supply of compressed air 
to the nozzle atomises the molten metal, blowing the resultant spray 
upon the surface, which has been properly prepared by cleaning. 
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After this brief description of the process, the author discusses the 
procedure in detail, having regard to the various purposes for which 
metal coatings may be required. 

Oxidation and Adhesion. J. White. (Institute of Vitreous 
Enamellers, June, 1938: Foundry Trade Journal, 1938, vol. 59, 
July 7, pp. 14-15). The oxides of iron play such an important part 
in the reactions which occur when iron is being enamelled that a 
special study of the conditions governing the formation of oxides is 
very necessary. The author examines the characteristics of the 
iron-oxygen system at high temperatures, the gaseous phase of 
which is all-important, since the oxygen pressure exerts a deter- 
minative influence on the composition of the oxides. In a study of 
the dissociation of ferric oxide in the liquid state in the presence of 
silica and lime singly and together, it was found that in all cases a 
reversible equilibrium existed in the melts, the dissociation of the 
ferric oxide being governed by the temperature and pressure of the 
oxygen. A study of the function of adhesion-producing oxides 
concludes the paper. 

Modern Box-Type Enamelling Ovens. (Machinery, 1938, vol. 
52, June 9, pp. 282-283). A brief description is given of modern 
electrically- and gas-heated ovens. The former are of two types, 
those in which the air is heated outside the oven and circulated 
through it, and those in which the heating elements are situated 
within the oven itself. Improvements in gas-heated oven design 
ensure a maximum heat interchange between the outgoing hot gases 
and the incoming cold air. In conclusion reference is also made to 
steam- and water-heating systems applied to these ovens, and the 
factors governing the choice of the method of heating are touched 
upon. 

The Latest Developments of the German Enamelling Industry. 
H. J. Karmaus. (Korrosion und Metallschutz, 1938, vol. 14, Aug.- 
Sept., pp. 285-295). The author reviews developments in 
enamelling technique which are brought in evidence by a study of 
recent German patents. The subjects discussed include: (a) Sub- 
stances used to promote opacity such as ceric oxide, titanium 
oxide and zirconium oxide. (b) The use of German raw materials 
in order to reduce imports—e.g., the use of sodium phosphate 
instead of Norwegian borax. (c) Improved quality of material to 
be enamelled. Armco sheets are very suitable, for example. (d) 
Improvement in plant and equipment for grinding, mixing and 
transporting materials. (e) Muffles for stoving. (f) Methods of 
testing enamel coatings. 

Enamelling Metal. S. W. Vickery. (Canadian Ceramic Society, 
Feb., 1938: Canadian Metals and Metallurgical Industries, 1938, 
vol. 1, Apr., pp. 121). A brief account is given of British practice 
in the production of sheets and castings for enamelling. 

The Relationship Between the Evolution of Gas and the Formation 
of Blisters in the Process of Enamelling. H. Hoff and J. Klarding. 
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(Stahl und Eisen, 1938, vol. 58, Aug. 25, pp. 914-916). After 
describing the apparatus used to collect and analyse the gases driven 
off when enamel slip is heated to 110° C. in an electric furnace, the 
authors discuss the results obtained with particular reference to the 
causes of the formation of blisters. They found that even. after 
prolonged drying the slip contained 1% of chemically combined 
water. On melting the slip a gas was given off which contained 
mostly carbon dioxide. On melting the dried slip on an iron plate, 
or together with steel turnings, the chemically fixed water is split 
up and the percentage of hydrogen in the gases is thus increased 
to 80%. This hydrogen is rapidly absorbed by the iron plate, and 
is trapped when the enamel solidifies. The authors consider that 
this trapping of the hydrogen under pressure is the principal cause 
of the formation of blisters. 

Special Organic Protective Coatings for Chemical Works Plant. 
F. J. Peters. (Korrosion und Metallschutz, 1938, vol. 14, Aug.— 
Sept., pp. 258-262). 

Fire- and Water-Resisting Paints for Iron and Metals. O. T. 
Koritnig. (Korrosion und Metallschutz, 1938, vol. 14, Aug.—Sept., 
pp. 253-258). 

The Effect of the Thickness of a Paint Coating on its Chemical 
Composition. H. Wolff. (Korrosion und Metallschutz, 1938, vol. 
14, Aug.—Sept., pp. 277-281). 

Red-Lead Paint Problems. H. Wagner. (Korrosion und 
Metallschutz, 1938, vol. 14, Aug._Sept., pp. 273-277). The author 
discusses short-duration tests on red-lead paints. These have 
shown that the coating, when applied with a brush, would fail much 
more rapidly than when tested under natural weather conditions. 
It has also been found that the opacity to ultra-violet light of 
red-lead paint with additions of spar decreased rapidly with 
increased quantities of spar. The opacity can be increased by using 
finely-ground spar, but this increases the quantity of oil required, 
and thus renders the paint more liable to blister. 

New Methods of Corrosion-Protection with Special Reference to 
Under-Water Paints. G. Schultze. (Korrosion und Metallschutz, 
1938, vol. 14, Aug._Sept., pp. 270-273). After discussing protective 
coatings under the four headings of (a) glycerine condensation 
products, (6) binding materials containing chlorine, (c) cellulose 
derivatives, and (d) aldehyde condensation products, the author 
proceeds to examine the properties required in coatings for the 
hulls of ships. The effects of various organic compounds are 
examined, and a number of photographs show the different 
durabilities of different paints which have been subjected to attack 
by sea-water. 

The Utility of Iron-Oxide Paints as Protective Coatings. EK. 
Stock. (Korrosion und Metallschutz, 1938, vol. 14, Aug.—Sept., 
pp. 265-269). A series of tests carried out to determine the 
properties of red and black iron-oxide paints is described. It was 
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found that both possess good elastic properties and offer good 
resistance to flue gases, but showed little resistance to copper 
sulphate and hydrochloric acid. All the iron-oxide paints were in 
good condition after over two years’ exposure to the weather. 

The Tendencies of Recent Developments in Corrosion-Resisting 
Paints for Steel. B.Scheifele. (Korrosion und Metallschutz, 1938, 
vol. 14, Aug.—Sept., pp. 262-265). In a discussion on the physics 
and chemistry of paints for protecting steel, the author shows that 
the study of this subject has led to the development of paints of 
low cost and rapid means of application without any loss of quality. 
He draws attention to the possibilities of using synthetic-resin 
paints much more extensively than at present. 

The Work of the Paint-Research Laboratory of the London, 
Midland and Scottish Railway Company. F. Fancutt. (Journal of 
the Institution of Civil Engineers, 1938, June, pp. 140-162). The 
author surveys the work of the paint section of this research 
laboratory under the following headings : Laboratory organisation ; 
paint specifications; acceptance tests; chemical versus physical 
testing ; the development of paints; synthetic painting materials ; 
painting rolling stock; painting structures. In conclusion he 
affirms that the most essential factor to ensure a high degree of 
protection is that paint should be purchased in a ready-mixed form 
and used exactly as received; furthermore, all the essential 
properties of the paint can be taken care of in specifications, and 
such a procedure, calling for co-operation with the manufacturer, 
ensures that a high standard of quality is maintained. 

Developments in Paint-Spraying Applied to Pattern Making. 
O. T. Koritnig. (Giesserei, 1938, vol. 25, June 3, pp. 277-278). 
The author discusses improvements in large and small paint-spraying 
plants, which include devices to prevent oil from the compressor 
plant from getting into the nozzle, and means to prevent the 
formation of paint mist which is too fine to reach the surface being 
coated. 
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(Continued from pp. 234 a-244 a) 


The Structure and Mechanical Properties of .Heat-Treated Cast 
Irons. P. Bardenheuer and W. Bréhl. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 11, 
pp. 135-146). An account is given of a series of bend, tensile, 
hardness and notched-bar impact tests carried out on specimens 
taken from 17 melts of cast iron, the analyses of which were within 
the following limits: Carbon 1-53-3-06%, silicon 1-19-4-80%, and 
manganese 0-79-4:52%. It was established that (1) as the carbon 
and silicon contents were reduced there was an increased formation 
of graphite and an improvement in strength ; (2) as the manganese 
content of sand-cast specimens increased up to about 1:3% 
the tensile strength increased, but it decreased slightly when the 
manganese exceeded this figure; (3) with chill-cast specimens the 
tensile strength decreased as the manganese content increased ; (4) 
the Brinell hardness increased with increasing manganese in heat- 
treated specimens, but with untreated specimens the hardness 
decreased when the manganese exceeded 1:2%; (5) the optimum 
impact value was obtained with 1-4°% of manganese ; (6) subsequent 
heat treatment of white chill-cast specimens caused the formation 
of the graphitic structure which is beneficial to the mechanical 
properties, but this could only be done to grey sand-cast specimens 
when the carbon was less than 2% ; and (7) annealing was beneficial 
in the case of medium-carbon specimens, whereas low-carbon 
specimens required oil-quenching and subsequent tempering at high 
temperature. 

Copper-Steel Castings. M. Alexander. (Iron and Steel Institute, 
Third Report of the Steel Castings Research Committee, 1938, 
Special Report No. 23, pp. 61-72). The effect of 1% of copper has 
been investigated in cast steels containing a little less than 0-3% 
of carbon with high and low manganese contents, 0-8% of chromium, 
1-5% of nickel, and 1-5% of nickel together with 0-5% of chromium. 
The results, including the macroscopic examination of castings of 
these compositions, indicate that copper is a valuable alloying 
element in steel castings. It improves the mechanical properties 
of the annealed steels and renders the castings susceptible to a 
hardening treatment which can be carried out at a temperature 
below the critical range without distortion or the setting-up of 
internal stress. The full effect of the temper-hardening treatment 
cannot with advantage be employed on account of the accompanying 
embrittlement. To avoid an undue fall in impact strength, it is 
necessary to provide a sufficiently tough matrix by keeping the 
carbon low, and to reheat at a temperature higher than that giving 
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maximum hardness in order to cause some coalescence of the 
precipitated constituent. 

With a carefully balanced composition and suitable treatment 
very good mechanical properties may be secured in castings by the 
addition of copper to a variety of low-alloy steels. 

The Mechanical Properties of Rolled Steel Sections in Relation 
to the Position from which the Test-Piece is Taken. G. Welter. 
(Revue Technique Luxembourgeoise, 1938, vol. 30, July—Aug., pp. 
85-98). The author gives an account of an investigation which 
was undertaken to ascertain the mechanical properties of steel 
specimens cut from a large number of different positions in a rolled- 
steel joist. The tensile, elongation, contraction and impact values 
were obtained and the micro- and macro-structures were examined, 
some test-pieces being cut in the direction of rolling and others 
at right angles to it. In some cases it was possible to establish 
whether the steel forming the test-piece had originally been at the 
bottom or centre or top of the ingot from which the joist was 
rolled. The influence of this position on the properties is also 
discussed. 

Stainless and Heat-Resisting Steels. L. Sanderson. (Canadian 
Metals and Metallurgical Industries, 1938, vol. 1, June, pp. 179-181). 
The author summarises some of the outstanding contributions to 
the improvement of stainless and heat-resisting steels. The new 
materials discussed include a stainless steel of low cost which 
contains manganese instead of nickel, the approximate analysis 
being 12% manganese and 9% chromium. To reduce charging-box 
breakages, a steel containing 0:3% of carbon, 0-8% of manganese, 
15% of nickel and 0-12% of vanadium is now being used, with 
excellent results. Other developments which are described are (1) 
the manufacture of bi-metallic sheet 1-55 mm. thick, composed of a 
sheet of ordinary steel covered with a sheet of stainless steel 0-3 
mm. thick arc-welded round the edges; (2) nitriding of stainless 
steels; (3) heat-resisting steels containing molybdenum ; (4) steels 
containing 39% of nickel and 10% of chromium to resist superheated 
steam, and (5) cast alloy steels for high-temperature fittings in 
power plants. 

Endurance Limit of Cast Iron for Repeated Tension and Com- 
pression. T. Nishihara and T. Sakurai. (Transactions of the 
Society of Mechanical Engineers Japan, 1938, vol. 4, May, pp. 
105-110). (In Japanese). As the compressive strength of cast 
iron is several times greater than its tensile strength, the respective 
endurance limits for tensile and compressive stress may be presumed 
to have very different values. By plotting the mean of the varying 
stress against the amplitude, a graph is obtained from which the 
authors deduce that the ratio of the compressive stress to the 
pulsating tensile stress is far greater for cast iron than for steel. 

The Mechanical Properties of High Quality Grey Iron. K. 
Knehans. (Technische Mitteilungen Krupp, Technische Berichte, 
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1938, vol. 6, Aug., pp. 102-108). In 1933 cast irons were classified 
in Germany under the standard specifications Ge 12.91 to 26.91 in 
the DIN (German Engineering Standard) No. 1691 according to the 
tensile strength. In this paper the author presents the results of 
a number of static, alternating and other physical tests on three 
grey cast irons with carbon varying from 2-7% to 3-3%, all of which 
fall within the previously mentioned standard. These results 
demonstrate the improved properties obtainable in grey cast irons 
since the standard specification of 1933 was drawn up. 

Change in the Elasticity Modulus and Damping of an Iron-Nickel 
Alloy with the y-« Transformation. E. Scheil and W. Thiele. 
(Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Aug., pp. 103-105). 
The authors describe an experiment carried out on a 22% nickel- 
steel wire subjected to torsional vibration as its temperature was 
reduced through the y-« transformation range. It was found that 
the position of the zero line of the vibrations moved and the 
mechanical vibrations were damped as the temperature approached 
the ay transformation range. 

Tension-Impact Testing. D. S. Clark and G. Datwyler. 
(Mechanical Engineering, 1938, vol. 60, July, p. 559). The authors 
give a brief description of an apparatus for recording photo- 
graphically the tensile forces during impact in a specimen in an 
Izod pendulum impact machine. The duration of the impact is of 
the order of 0-001 sec., and the tensile forces which act on the 
specimen during this short time interval are picked up electrically 
as voltage changes. After amplification these are applied to the 
vertical deflection plates of a cathode-ray oscillograph. In this way 
the forces appear on the screen as a force-time diagram, where they 
are recorded photographically. From this diagram force-elongation 
and stress-strain diagrams can be readily obtained. In the authors’ 
opinion stress-strain diagrams obtained in tension impact are of far 
more value in determining the relative impact resistance of materials 
than is the customary notched-bar test. 

Tensile Impact Tests on Welds at Low Temperatures. O. H. 
Henry. (Welding Journal, 1938, vol. 17, Aug., Supplement, pp. 
23-27). An investigation is described which was carried out to 
ascertain the tensile impact value, elongation and reduction of area 
of specimens of welded steel plate containing 0:25% of carbon at 
temperatures of 20°, 0°, — 20°, — 40°, — 60° and — 80°C. The 
results are shown graphically. It was found that the falling off in 
tensile impact strength of good welds in mild steel from room 
temperature to — 80°C. is no more serious than the falling off in 
strength of the base metal. The actual values ascertained at — 80°C. 
were 75% of the strength at room temperature for the base metal, 
60-78% for oxy-acetylene welds, 75% for resistance welds, 88% for 
A.C. shielded are welds, and 45% for D.C. welds made with lighily- 
coated electrodes. The results of a similar series of tests on 
aluminium alloys are also given. 
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Tests on the Crushing Strength of Rail Steel. V. Tikhovskiy. 
(Stal, 1937, No. 12, pp. 53-62). (In Russian). The article contains 
the results of an investigation into the compression strength of rail 
steels, prefaced by a short description of the method adopted for 
its measurement. In order to simulate service conditions as closely 
as possible, the tests were carried out in an Amsler wear testing 
machine in which it was possible to combine the application of both 
wear and compression stresses to the steel and study the effect of 
one on the other. 

The Effect of the Rate of Deformation on the Static and Dynamic 
Flexion of Certain Materials. G. Welter and A. Bukalski. 
(Wiadomosci Institutu Metallurgii i Metaloznawstwa, 1938, vol. 5, 
No. 2, pp. 83-86). (In Polish). A description is given of an 
investigation carried out to determine whether the force required to 
impart dynamic flexion to steel is very great in relation to the rate 
of deformation, as is the case with cast iron. Notched specimens of 
chromium-molybdenum steel, mild steel and brass were subjected 
to static flexion in a 5-ton Amsler machine with which rates of 
flexion of the order of 0-5 mm. per hr. could be determined. The 
dynamic tests were made with pendulum impact machines the blow- 
velocities of which were 3, 4:7 and 9-1 m. per sec., respectively. It 
was found that as the rate of deformation increased from 0-5 mm. per 
hr. to 9-1 m. per sec., the force necessary to fracture the specimens 
also increased considerably, the percentage increases being 170, 91 
to 139, and 75% for brass, chromium-molybdenum steel and mild 
steel respectively. 

The Characteristics of the X-Ray and Mechanical Methods of 
Measuring Stress. H. Moller. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, July, pp. 27-31). The author reviews the development 
of the X-ray method of measuring stresses, and shows that in some 
examples the difference between the results obtained by this and 
the mechanical method is due to their different characteristics. 
The mechanical process is a comparatively simple and rapid method 
of obtaining a picture of the distribution of stresses in a large piece, 
and the result obtained by it is a mean value for a certain depth along 
the length measured. The X-ray process, on the other hand, gives 
an accurate figure for the small area penetrated by the rays. 

Measurement of Surface Stress by X-Rays. (Metallurgist, 1938, 
June, pp. 135-138). The theory and practice of the X-ray “ back- 
reflection ’’ method for the accurate measurement of crystal lattice 
parameters are described, and the work of several investigators on 
this subject is discussed. A summary is given of the data obtained 
by applying this method in order to determine the surface stresses in 
a welded triangular framework of rolled duralumin tube. 

Possibility of Measuring the Internal Stress of Cast Iron by X-Rays. 
T. Nishihara and K. Kozima. (Transactions of the Society of 
Mechanical Engineers, Japan, 1938, vol. 4, May, pp. 110-112). (In 
Japanese). Using X-rays, the authors investigated the relationship 
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between the stress and the lattice constant of cast iron under a 
bending load. A graph is plotted showing that the relation between 
the deflection and the lattice constant is linear, so that this method 
can be employed to ascertain the internal stress at any point on the 
surface. The degree of accuracy of the results in the case of cast 
iron will not be so great as in the case of pure iron. 

Recent Discoveries Affecting the Design of Cast-Iron Engine Parts. 
EK. Mickel. (Giesserei, 1938, vol. 25, Aug. 12, pp. 401-405). The 
author shows that besides the radius, there is a factor which he calls 
the “ shape-effect ” which influences the notch effect in cast iron, 
and that these two factors are independent. He illustrates this by 
means of tests on a cast-iron crankshaft. 

Cracks Develop in Anvil Block. (Foundry, 1938, vol. 66, Apr., 
pp. 35, 80). An unusual instance of a flaw developing in a casting is 
described. The casting in question was the anvil of a 7-ton drop 
forge used under extremely severe conditions to shape an aluminium- 
silicon alloy which had little flow. A crack about 6 in. deep 
developed in the centre of the root of each dovetail, and not from the 
end, as might be expected. The reasons advanced to account for 
this failure are that the ratio of the hammer blow to the anvil weight 
did not come within the generally accepted limits of 1:20 and 1: 25 
(in this case the ratio was 1:14) and that the anvil was made 
of unsuitable material. 

The Wear of Rail Steel. T. Lyashchenko. (Stal, 1937, No. 11, 
pp- 121-129). (In Russian). The whole of the investigation was 
carried out on an Amsler wear testing machine. A steel containing 
carbon 0-54%, manganese 0-80%, silicon 0-21%, sulphur 0-02%, and 
phosphorus 0-04%, was used as a standard for comparative purposes. 
The investigation included a study of the effect of changes in the 
carbon and manganese contents on the wear resistance of the steel, 
in the untreated, the sorbitised and the normalised conditions. 
Studies were also made of the influence on wear of the decarburised 
layer produced as a result of rolling and of the work-hardening, as 
well as of the value of the loads applied in the tests. It was con- 
cluded that in the case of the untreated steel the wear was deter- 
mined by the ratio of ferrite to pearlite, decreasing with increasing 
content of the latter. The chemical composition of the metal had an 
effect only in so far as it affected the structure of the steel, and in 
particular the ferrite-to-pearlite ratio. The effect of sorbitisation was 
very marked, particularly in steels in which the carbon plus half the 
manganese contents amounted to 1-00% or more. In the presence of 
the maximum carbon and manganese contents as given in the 
Russian standard specification for rail steels (carbon 0-61% and 
manganese 0-90%), sorbitisation is useful only from the point of view 
of decreasing brittleness. In the latter case normalisation leads to 
better wear resistance. Decarburisation was found to cause an 
increase of 50-70% in the wear, while the amount of work-hardening 
had only a slight effect. 
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The Effect of Longitudinal Scratches on Valve Spring Wire. F. P. 
Zimmerli, W. P. Wood and G. D. Wilson. (American Society of 
Metals, Atlantic City, Oct., 1937 : Wire and Wire Products, 1938, vol. 
13, June, pp. 299-305). The concluding part of a previous article. 
(see p. 237 A). The authors discuss the results obtained by using 
their method of measuring the depths and contours of surface 
scratches on spring wire, and consider the effects of such scratches 
upon the mechanical properties. 

The Rate of Increase and the Duration of Load in Brinell Testing. 
Z. Hashimoto. (Transactions of the Society of Mechanical Engineers, 
Japan, 1938, vol. 4, May, pp. 113-115). Attempts have frequently 
been made, without success, to establish a theory of the relationship 
of the rate at which the load is increased to the duration of the load 
when testing with the Brinell machine. In this mathematical 
discussion the author develops a formula by which the duration of 
the load can be calculated for various rates of increase. The formula 
has, however, only a restricted sphere of application. 

Thermal Conductivity of Iron and Steel. (Metallurgist, 1938, vol. 11, 
Aug.,pp. 152-154). A discussion of the results of thermal conductivity 
tests made by H. Esser, W. Eilender and E. Piitz (see Archiv fiir das 
Kisenhiittenwesen, 1938, vol. 11, June, pp. 619-622), in which the 
results are compared with those of other investigators. (See p. 164 A). 

The Effect of Superheating Molten Steel. (Metallurgist, 1938, 
June, pp. 138-140). The work of a number of German investigators, 
particularly Schéberl and Mitsche, on the effects of superheatmg on 
the structure and mechanical properties of steel is discussed. (See 
p. 97 A). 

Gases in Metals and Their Influence. H.Lepp. (Metal Industry, 
1938, vol. 53, July 8, pp. 27-30; July 15, pp. 59-63; July 22, pp. 
79-82; July 29, pp. 103-107; Aug. 5, pp. 131-136). The author 
discusses the absorption and adsorption of gases by metals, the laws 
governing the reaction between gases and metals, and the influence 
of gases on the physical properties of metals. He gives some striking 
examples of his process of controlled deoxidation. He shows that 
the absorption of gases by metals is a chemical process, and that the 
phenomena which accompany it can be explained by the application 
of thermo-dynamic laws. His general conclusions are that the 
influence of the compounds of the reducing gases such as hydrogen 
and nitrogen is more deleterious to the physical properties of metals 
and alloys than is the effect of oxides. The properties that are most 
unfavourably affected are the elongation, the impact value and the 
reduction of area. On the other hand, it seems that the presence 
(within certain limits) of reducing gases is advantageous in the 
case of certain metals and alloys destined for operations involving 
hot deformation. The co-existence of oxides and reducing com- 
pounds which are generally formed following the absorption of oxide 
gases (sulphur dioxide, steam, carbon dioxide) has a particularly bad 
effect on the physical properties of metals and alloys. 
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Hydrogen in Iron and Steel. (Foundry Trade Journal, 1938, vol. 
59, Aug. 11, p. 97). In this brief discussion on the cause and effects 
of hydrogen in iron and steel, it is stated that the quantity of 
hydrogen absorbed by iron, at a constant temperature, increases 
directly with the pressure, and that the presence of carbon, phos- 
phorus, sulphur and oxygen does not have any profound effect on 
the general principle of hydrogen solubility. It has been found that 
if the condition of a mould surface is such that hydrogen can be 
generated, steel and, to a lesser extent, cast iron are quite capable of 
absorbing large quantities of this gas. Then, on cooling down, an 
expulsion of the gas takes place, with the result that either a pin- 
holed casting or one carrying subcutaneous blow-holes is produced. 

The Solubility of Hydrogen in Iron-Tungsten Alloys. W. Baukloh 
and K. Gehlen. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, 
July, pp. 39-40). In this article the iron-tungsten diagram developed 
from the most recent investigations is reproduced, and the authors 
discuss the solubility of hydrogen in alloys containing 0-35% of 
tungsten at temperatures ranging from 400° to 1050° C. The results 
are plotted as graphs, and show that at temperatures exceeding 
1000° C. the solubility decreases with increased tungsten content. 
When the alloy contains 1-5-8-6% of tungsten the solubility increases 
slightly at temperatures of from 400° to 900° C., but decreases as the 
tungsten increases above 8-6%. 

The Diffusion of Hydrogen in Iron. W. Baukloh and W. 
Hofmann. (Metallwirtschaft, 1938, vol. 17, June 17, pp. 655-657). 
The authors discuss Widemann’s theory that hydrogen cannot 
penetrate the lattice of iron but passes along the crystal boundaries. 
They then develop a theory of the lattice structure of iron from which 
they proceed to the conclusion that hydrogen probably can pass 
through the lattice. 

The Surface-Sensitivity of Steels to Certain Hot Gases. IF. Nehl. 
(Stahl und Eisen, 1938, vol. 58, July 21, pp. 779-784). The author 
discusses test results from which it was concluded that the surface 
defects in rolled steel are frequently due to the attack of minute 
quantities of oxygen on the grain boundaries at temperatures 
exceeding 800°C. The tests also showed that the oxygen formed by 
the decomposition of steam was particularly aggressive, but the 
oxygen only penetrated deeply when the steel contained more 
than 0-08% of copper. The degree of attack by oxygen on the grain 
boundaries can be considerably reduced by increasing the oxygen 
concentration and by adding sulphur to the combustion gases. The 
addition of a small quantity of nickel will render steels containing 
copper totally immune from attack by hot furnace gases. 

The Very Great Solubility of Nitrogen and Oxygen in Some of the 
Metals ; A Study of Zirconium and Titanium. J.D. Fast. (Metall- 
wirtschaft, 1938, vol. 17, June 17, pp. 641-643). The degree of 
solubility of nitrogen and oxygen in zirconium and titanium and the 
adverse effects of these gases on their mechanical properties are 
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considered. It has been found that whereas heating these metals in 
a vacuum will drive off any dissolved hydrogen, dissolved oxygen and 
nitrogen cannot be removed by this process. 

The Attack of Hot Gases on Steel. E. Houdremont and G. 
Bandel. (Iron and Coal Trades Review, 1938, vol. 137, Aug. 19, 
pp. 275-276; Aug. 26, pp. 315-316). A translation of an article 
which appeared in Archiv fiir das Eisenhiittenwesen, 1937, vol. 11, 
Sept., pp. 131-138. (See Journ. I. and §.I., 1937, No. II., p. 291 a). 

Steels Free from Imported Alloying Constituents for Pilger-Mill 
Mandrels. I. Rosenblit. (Stal, 1938, No. 1, pp. 52-59). (In 
Russian). A detailed investigation on the production, properties 
and applicability of mandrels made from alloy steels containing 
various combinations of chromium, manganese and silicon and free 
from imported nickel and molybdenum is reported. Some of the 
chromium-manganese-silicon alloy steels were found to be entirely 
satisfactory and can be used to replace the chromium-nickel- 
molybdenum alloy steel at present used for mandrels. 

Diesel-Engine Metals. R. W. Maughan. (Metallurgia, 1938, 
vol. 18, Aug., pp. 123-124). The author discusses the metals 
employed in the production of Diesel engines, among which cast iron 
predominates. Additions of 0-5 to about 2% of nickel improve the 
quality of the castings by a refinement of the grain, and additions up 
to 5% increase the hardness of wearing parts. 

Effect of Arsenic on the Properties of Steel. IE. Houdremont, 
H. Bennek and H. Neumeister. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, Aug., pp. 91-101). The authors discuss the results of a 
laboratory investigation of the effects of arsenic on the properties of 
steel. The results showed that : (1) The presence of arsenic has no 
effect on the formation of pipe and surface porosity during the cooling 
of ingots; (2) the hot-working of steel is unaffected by up to 1% of 
arsenic ; (3) generally speaking, arsenic increases the tensile strength 
and elastic limit of steel and decreases its toughness ; (4) arsenic has 
almost no effect on the cold-working properties ; (5) up to 0-25% of 
arsenic has no effect on the weldability of either alloyed or unalloyed 
steel sheets, but as the percentage increases above this, the weld- 
ability of thin sheets increases considerably. The tensile properties 
of gas- and electrically-welded steel sheets are unaffected by the 
presence of up to 0:25% of arsenic, but the forge-welding properties 
are adversely affected by this amount of arsenic. The hardness of 
unalloyed tool steel is unaltered by the presence of up to 0-2% of 
arsenic, but the depth of the hardness decreases with increased 
arsenic content; and (6) the ay transformation is increased by 
arsenic. 

The Effect of Arsenic on the Properties of Steel and Cast Iron. F. 
Korber and G. Haupt. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 
12, Aug., pp. 81-89). The authors present a review of the literature 
on the effect of arsenic on the machinability, mechanical and 
magnetic properties and corrosion-resistance of steel and cast iron. 
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Stable Stainless Steels for Cold Working and Welding. V. N. 
Krivobok. (Metal Progress, 1938, vol. 34, Aug., pp. 135-139, 160). 
The author considers the properties and structure of a number of 
stainless steels in the range chromium 17%, nickel 7% to chromium 
26% and nickel 21%, with special reference to the effects of cold- 
working and welding. 

Titanium in Cast Iron. E. R. Starkweather. (Transactions of 
the American Foundrymen’s Association, 1938, vol. 9, June, pp. 
816-827). After surveying the properties and occurrence of 
titanium, the author discusses its effects on the properties of cast iron, 
and its action as a deoxidiser, graphitiser and grain refiner. In 
conclusion the treatment with titanium of iron melted in the electric 
furnace is described. 

Cast High-Chromium Manganese Steels. (Metallurgist, 1938, 
Aug., pp. 158-160). An abridged translation of an article by R. 
Kluke which appeared in Archiv fiir das Eisenhiittenwesen, 1938, vol. 
11, June, pp. 615-618. (See p. 169 a). 

The Effect of Boron on Nickel Steels. G. Naton and E. 
Piwowarsky. (Metallurgist, 1938, Aug., pp. 146-148). An 
abridged translation of an article in Achiv fiir das Eisenhiittenwesen, 
1937, vol. 11, Dec., pp. 283-286. (See Journ. I. and 8.I., 1938, No. I., 
p. 208 a). 

On the Effect of Aluminium on Unalloyed Steels. E. Houdremont 
and H. Schrader. (Technische Mitteilungen Krupp, Forschungs- 
berichte, 1938, Aug., pp. 139-156). The authors present an account 
of the investigation of the effect which additions of up to 2-5% of 
aluminium have on unalloyed steels with a carbon range of from 0-15 
to 10%. It was found that the transformation temperature, 
especially the A, point, was raised by the addition of aluminium. In 
spite of this, and in spite of the absence of any noticeable effect on 
the hysteresis, the hardness increases with increased aluminium, whilst 
reduced aluminium lessens the hardness depth. This reversal of the 
effect on the hardness is explained by the refining of the grain due to 
nuclear action with low aluminium contents and to an alloying effect 
with high aluminium contents. The grain refinement due to small 
aluminium additions was visible even in the normalised state. 

Copper in Cast Iron. A. J. N. Smith. (Institute of British 
Foundrymen : Foundry Trade Journal, 1938, vol. 58, June 30, pp. 
537-540; vol. 59, July 7, pp. 8-11). The first part of this report 
records an investigation of the effect of relatively widely spaced 
additions of copper on a series of base irons covering a wide range of 
composition. It was shown that the early additions of copper tend 
to graphitise the iron and to break down the cementite. This action 
continues up to a copper content of about 3:5%. With further 
additions of copper there is a reversal of this effect, and the chill 
increases as the copper content rises. The graphite size is refined by 
additions of copper. It was noted that there is what might be 
termed a “ practical solubility,” the limit of which is about 3-5% of 
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copper, for more than this could not be added without producing the 
characteristics of a duplex alloy. The addition of copper to cast 
iron has no marked effect on the microstructure. Tables are given 
showing the moduli of rupture, deflections and tensile test results on 
a large number of bars of various analyses. These show that copper 
has not a very great influence on the transverse strength of grey cast 
iron, but the general tendency is to increase this value by adding up 
to 2%. The strength tends to decrease with the appearance of free 
copper. The addition of copper to irons containing free cementite 
has a softening effect, but if added to ordinary cementite-free cast 
iron the hardness is increased. Additional tables show the influence 
of heat treatment on the hardness, and record data from repeated 
impact tests, and critical points and values of permanent expansion 
of copper cast irons. 

While this investigation was in progress, a paper on “ Copper and 
Copper-Manganese Grey Cast Iron,” by Eastwood, Bonser and 
Eddy, was published, and a comparison of this report with the 
findings of the present investigation is of interest. (1) Solubility and 
Hardness. The American report gives no direct consideration to 
solubility beyond a note that copper is effective in increasing the 
hardness up to 5-5%, though the rate of hardness increase is less 
after 3-0-3-5% of copper is exceeded. (2) Chill. It is found by 
Eastwood, Bonser and Eddy that copper has no influence on the chill 
of irons containing more than 2% of silicon, although there is a very 
slight tendency to increase the chill of these irons when the copper 
exceeds 3%. With a silicon content of about 1-75%, copper up to 
3% reduces the chill slightly, after which more copper increases the 
chill. With a silicon content of 1-25-1-50%, copper up to 4% reduces 
the chill markedly, though when the copper exceeds 4% there is a 
slight increase in chill. The author has, however, not found any con- 
firmation of this effect of silicon in the present investigation. The 
reversal of chill noted by both papers had apparently not previously 
been published except for a reference by Taniguchi. (3) Mechanical 
Properties. The American paper differs from the present paper in 
finding a slight adverse effect of copper on the transverse strength, 
but both are in agreement on the influence on the tensile strength. 
(4) Combined Additions. Both reports emphasise the good results to 
be obtained from combined copper and manganese additions. This 
brief comparison has noted only the main differences or important 
similarities between the two reports. In many points of detail they 
are in agreement, and it is probable that many of the points of 
difference can be attributed to the differences in the tests used and in 
their interpretation. 

The Strength and Ductility of Cast Steel during Cooling from the 
Liquid State in Sand Moulds.—Part II. H.F. Hall. (Iron and Steel 
Institute, Third Report of the Steel Castings Research Committee, 
1938, Special Report No. 23, pp. 73-86). Tensile tests were made 
with apparatus, described in a previous Report, for determining the 
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properties of cast steel during cooling in the mould. An increase of 
the manganese to 1-2% in 0-18% carbon steel caused a very slight 
lowering of the temperature at which ductility set in, followed by a 
rather quicker increase in the tensile strength and elongation than in 
the low-manganese steels. A further increase of the manganese to 
2-5% had relatively little effect. High sulphur caused a pronounced 
lowering of the temperature at which the steel acquired ductility and 
a marked decrease in tensile strength at temperatures down to well 
below 1200° C. ‘Tests were also made on high-carbon and high-alloy 
steels, and on low-carbon steels at a slower rate of straining. 

A test was developed, after a series of preliminary experiments, 
with the object of indicating the susceptibility of a steel to hot- 
tearing. It consisted of a casting composed of a set of test bars of 
graduated sizes. Each test bar possessed end flanges and an 
enlarged middle portion, or bulb, which, by reason of its delayed 
cooling, predisposed this part of the bar to failure. These bars 
fractured by contraction pull when critical values of the bulb 
dimensions were exceeded. The controlling factor could be varied 
by a change in the ratio either of the length or of the diameter of the 
enlarged portion to that of the rest of the bar. Such a casting, when 
used in conjunction with the tensile tests, would afford a direct 
comparison of the susceptibility to contraction cracks with the 
tensile data determined. 

The Use of Niobium in the Steel Industry. (Teknisk Tidskrift, 
1938, vol. 68, Aug. 13, p. 67). A short account of some of the uses and 
possible future applications of this newly discovered mineral is given. 
At present production is confined to the United States, and it is 
stated that a 50% iron-niobium alloy costs about 10s. per lb. When 
present in 18/8 stainless steel it inhibits intercrystalline corrosion, 
and it also has the effect of preventing the hardening of high- 
chromium, low-carbon steels when cooled in air from temperatures 
up to 1000°C. It is stated that niobium additions would be beneficial 
to the metals used for turbine blades and welding electrodes. 

The Effect of Some Non-Ferrous Constituents on the Mechanical 
Properties of Blackheart Malleable Iron. H. Jungbluth and F. 
Briigger. (Technische Mitteilungen Krupp, Forschungsberichte, 
1938, July, pp. 121-138). The authors describe an investigation by 
means of frequency statistics on the effects of carbon, silicon, 
manganeve and oxygen on the mechanical properties of a large 
number of blackheart malleable iron test-pieces. 

Comparative Investigations of the Depth-Hardening Properties of 
Chromium-Molybdenum Heat-Treatable Steels. A. Pomp and A. 
Krisch. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisen- 
forschung, 1938, vol. 20, No. 9, pp. 103-123). The authors describe 
a series of hardness, tensile and notch-bar impact tests carried out on 
a range of German chromium-molybdenum steels used in the aircraft 
industry. It was found that the low-alloy steels only possessed 
uniform mechanical properties up to a limited diameter, whilst 
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specimens of high-alloy steels up to 150 mm. in dia. showed good 
hardness properties from the surface to the centre combined with 
high tensile strength. 

Cast-to-Shape Dies. (Steel, 1938, vol. 103, Aug. 15, pp. 62-64). 
Particulars are given of “ Strenes ’ metal, an American chromium- 
nickel-molybdenum steel alloy. This is an alloy which can be cast 
accurately into required die shapes. It has two main spheres of 
application, namely, for dies of all types, and secondly for parts 
requiring high abrasion-resistance properties such as sand and 
gravel chutes, crushing rolls, steam-hammer sleeves and dredge 
pumps. 

Wire Rope Stress Limits. R.Saxton. (Metallurgia, 1938, vol. 18, 
Aug., p. 143). The limits of stress in wire rope and the defects liable 
to be set up by exceeding that stress in normal usage are briefly 
discussed. 

Powder Metallurgy. ©. Hardy and C. W. Balke. (Metal 
Industry, 1938, vol. 53, Aug. 19, pp. 171-174). After defining 
powder metallurgy as the art of making objects by the heat-treat- 
ment of compressed metallic powders with or without the addition of 
a non-metallic substance, the authors give a detailed description of 
the modern methods of producing metal forms by this process. 
They also examine the characteristics of the products. 
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Surface Finish, K. W. Connor. (American Society of Auto- 
motive Engineers : Automobile Engineer, 1938, vol. 28, July, pp. 
253-256). The author examines the means adopted by two leading 
American motor-car manufacturers to control the surface finish of 
engine cylinders, pistons, bearings and other surfaces subject to 
wear. The profilometer for use in the factory is described, and 
pictorial records of surface profiles obtained with this instrument are 
reproduced. The effect of improved surface finish on oil consump- 
tion is illustrated by a practical example. Honing and honing 
machines, and the effect of finishing processes on the structure of the 
metal are discussed. 

New Methods of Studying the Diffusion of Metals. P.Chevenard 
and A. Portevin. (Académie des Sciences, June 27, 1938: Génie 
Civil, 1938, vol. 113, July 23, p. 89). The authors discuss some direct 
and indirect methods of determining the diffusion of metals and the 
effect of time, space and temperature. The direct method is based 
on a chemical or spectrum analysis to determine the concentration of 
an alloying element at a given spot or in a given plane. The indirect 
method depends upon an estimation of the structure of the piece 
using the material in the form of an aggregate. In the study of 
iron-nickel alloys a dilatometric method was successfully used. 

On Magnetic Methods of Testing Materials. F. Wever and H. 
Hansel. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisen- 
forschung, 1938, vol. 20, No. 8, pp. 91-101). The authors describe 
the principles of the magnetic method of testing materials with 
numerous practical examples, and show that it is a sensitive and 
reliable method of discovering surface defects. 

Magnetic Methods of Testing Materials. (Metallurgist, 1938, June, 
pp. 129-131). A summary is given of the investigations of W. 
Schirp and others on the magnetic-powder method of testing 
materials. 

A Comparison of the Non-Destructive Testing of Materials by 
X-Ray and Magnaflux Processes. M. Schwarz. (Berg- und 
Hiittenmannische Monatshefte der Montanistischen Hochschule in 
Leoben, 1938, vol. 86, July, pp. 189-193). 

The X-Ray and Magnaflux Methods of Testing Welds. R. 
Berthold. (Berg- undjHiittenmannische Monatshefte der Montanis- 
tischen Hochschule in Leoben, 1938, vol. 86, July, pp. 193-195). 
The author gives some practical examples of the examination of 
faults in welds which serve to demonstrate which of the two 
methods of testing it is the better to employ. 
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X-Ray Densography. M. Schwarz. (Berg- und Hiittenmin- 
nische Monatshefte der Montanistischen Hochschule in Leoben, 1938, 
vol. 86, June, pp. 154-156). As optical illusions can easily distort 
the true relationship between light and dark patches on an X-ray 
photograph, an instrument known as the “ electrodensograph ” or 
*‘ recording photometer ” has been evolved by which a true inter- 
pretation of an X-ray photograph can be obtained. In this instru- 
ment the X-ray plate or film is mounted in a carrier. The carrier is 
moved by a constant-speed electric motor between a source of light 
and a photo-electric cell. The cell is connected to a recording device, 
and a graph is thus obtained which shows the variations in the 
current across the cell, which in turn varies with the strength of the 
light passing through the moving X-ray plate or film. The applica- 
tion of this instrument to detect flaws in metals in described. 

X-Ray and Gamma-Ray Instruments. O. Vaupel. (Berg- und 
Hiittenmannische Monatshefte der Montanistischen Hochschule in 
Leoben, 1938, vol. 86, June, pp. 121-124). Anillustrated description 
is given of some modern portable X-ray instruments and accessories. 

The Limitations of the Use of X- and Gamma-Rays on Steel. R. 
Berthold. (Berg- und Hiittenmannische Monatshefte der Montanis- 
tischen Hochschule in Leoben, 1938, vol. 86, June, pp. 128-129). The 
author discusses how the factors of (a) cost, (b) ability to detect faults, 
and (c) ability to evaluate results, limit the application of the 
use of X- and gamma-rays when investigating the structure of steel. 

The Instruments and Technique for the Determination of the 
Structure of Metals Using X-Rays. F. Stiablein. (Berg- und 
Hiittenmainnische Monatshefte der Montanistischen Hochschule in 
Leoben, 1938, vol. 86, June, pp. 124-128). In this discussion the 
author classifies the various kinds of problems which are frequently 
referred to the investigator using X-rays, and describes the type of 
instrument and technique most suitable for their solution. 

The Photographic Basis of the Testing of Materials by Means of 
X-Rays. J.Eggert. (Berg- und Hiittenmannische Monatshefte der 
Montanistischen Hochschule in Leoben, 1938, vol. 86, July, pp. 
174-180). The author describes the principles governing the 
production of X-ray photographs and the precautions to be observed 
in order to obtain good results. A mathematical discussion on the 
energy reaching and absorbed by the plate is given. 

X-Rays as a Means of Metallographical Investigation. W. 
Késter. (Berg- und Hiittenmannishe Monatshefte der Montanis- 
tischen Hochschule in Leoben, 1938, vol. 86, June, pp. 145-147). 
The author declares that the introduction of the use of X-rays was 
accompanied by an exaggerated idea of its sphere of application. In 
this article he compares the use of the microscope with that of X-rays 
in the study of metallography, and discusses the advantages of the 
latter in the investigation of the atomic structure of alloys. 

Recent Results of X-Ray Investigations of Deformed and Fatigued 
Materials. F. Regler. (Berg- und Hiittenmannische Monatshefte 
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der Montanistischen Hochschule in Leoben, 1938, vol. 86, June, pp. 
133-145). The use of X-ray reflection diagrams for the study of the 
effects of forging and of work on metals is discussed, with particular 
reference to the measurement and significance of interference lines. 

X-Rays as a Means of Examining Iron and Steel. W. Schmidt and 
EK. H. Schulz. (Berg- und Hiittenmannische Monatshefte der 
Montanistischen Hochschule in Leoben, 1938, vol. 86, July, pp. 
161-166). The authors give an account of the history of the use of 
X-rays in iron and steel investigations, and give numerous examples 
of its use to determine the lattice-structure of steel alloys. The 
application of X-ray spectrum analysis is also discussed. 

X-Rays in the Engineering Industry. H. Hirst. (Journal of the 
Institution of Engineers, Australia, 1938, vol. 10, July, pp. 243-250). 
After giving a résumé of the history of the use of X-rays in the metal 
industries, the author explains the principles involved and gives 
examples of its application to-day for the examination of heavy and 
light castings and for the control of engineering processes. The 
principles of X-ray crystallography are also dealt with, and in 
conclusion the author gives examples of the use of X-rays to deter- 
mine the phases of an alloy and the composition of a metal powder. 

X-Ray Photographs of Macrostructure in Relation to Fatigue 
Strength. H. Moller. (Berg- und Hiittenminnische Monatshefte 
der Montanistischen Hochschule in Leoben, 1938, vol. 86, June, pp. 
148-152). 

Contribution on the Use of X-Rays for the Control of Welding in 
Shipbuilding. A. Andigé. (Bulletin de la Société des Ingénieurs 
Soudeurs, 1938, vol. 9, Mar.—-Apr., pp. 3085-3105). After touching 
upon all methods employed to ensure the soundness of a finished 
welded construction, the author discusses in detail the advantages 
and limitations of the use of X-rays for checking welds in shipbuild- 
ing, and stresses the importance of co-ordinating the information 
obtained by X-rays with that obtained by other methods of testing. 

X-Ray Control of the Construction of Welded Steel Boilers. F. 
Beuvelot. (Bulletin de la Société des Ingénieurs Soudeurs, 1938, 
vol. 9, Mar.—Apr., pp. 3106-3116). After describing the properties of 
X-rays and a transportable X-ray apparatus suitable for use at a 
works where high-pressure boilers are made, the author shows how 
the X-ray photographs are used to detect gas inclusions, slag 
inclusions, lack of penetration, cracks and other flaws in welded 
seams. 

The Use of X-Rays by the German State Railways. R. Kihnel. 
(Berg- und Hiittenmainnische Monatshefte der Montanistischen 
Hochschule in Leoben, 1938, vol. 86, July, pp. 181-185). Workshop 
and mobile X-ray testing equipment used by the German State 
Railways is described, and some examples are given of its use for 
testing locomotive frames, turntables and bridges. 

X-Ray Material-Testing by the former Austrian State Railway. 
A. Pohl. (Berg- und Hiittenmannische Monatshefte der Montansi- 





| 
| 








METALLOGRAPHY AND CONSTITUTION. 327 A 


tischen Hochschule in Leoben, 1938, vol. 86, July, pp. 186-189). 
The author describes the results of some X-ray examinations of 
locomotive and truck axles. 

The Use of X-Rays to Determine the Safety Factor of Welded 
High-Pressure Pipe-Lines. M. Ros and E. Brandenberger. (Berg- 
und Hiittenmannische Monatshefte der Montanistischen Hochschule 
in Leoben, 1938, vol. 86, July, pp. 167-173). The authors discuss 
the use of X-rays for testing high-pressure pipe-lines, and show how 
to interpret the effect of faults discovered upon the safety factor. 

The Theoretical and Practical Significance of Graphite Formation 
in Cast Iron. E. Piwowarsky. (Giesserei, 1938, vol. 25, Aug. 12, 
pp. 393-395). The author discusses how to produce a high-quality 
grey cast iron and the peculiar importance of the graphitic carbon 
content, and stresses the fact that the mechanical properties of the 
iron should not be considered alone, but always in conjunction with 
the amount of graphitic carbon present. 

The Mechanics of Copper Segregation in Recrystallised Iron- 
Nickel-Copper Alloys. H. Bumm and H. G. Miiller. (Metallwirt- 
schaft, 1938, vol. 17, June 17, pp. 644-648). The authors have in- 
vestigated the mechanics of the copper segregation in supersaturated 
iron-nickel-copper alloys with particular reference to permeability, 
coercive force, specific electrical resistance and form of lattice, when 
cooled from equal temperatures at different rates of cooling. 

The Basic Processes of the Recrystallisation of Hardenable Alloys. 
H. Bumm and H.G. Miiller. (Metallwirtschaft, 1938, vol. 17, Aug. 
26, pp. 903-910). The authors give an account of their investigation 
of the recrystallisation process in a series of iron-nickel-copper alloys 
containing iron and nickel in the proportion of 59 to 41 with additions 
of 1-0, 2-7, 6-0, 8-1, 10-8 and 13-1% of copper respectively. 
The phenomenon of recrystallisation is related to changes in the 
coercive force, the initial permeability and the electrical resistance. 
Characteristic factors affecting the phenomenon proved to be the 
time taken before recrystallisation commenced and the speed of the 
grain-growth. It was found that an increase of the copper content 
retarded recrystallisation, and that the temperature at which 
recrystallisation was first observed after the tempering period 
increased from 500° C. in the case of the low-copper alloys to 800° C. 
in the case of the high-copper alloys. 

Electron-Optical Observations of the Formation of Twins in Nickel- 
Irons. W. G. Burgers. (Metallwirtschaft, 1938, vol. 17, June 17, 
pp. 648-650). The formation of twin crystals in the recrystallisation 
of nickel-iron alloys was studied by means of the electron-emission 
microscope. The author is inclined to agree with the opinion of 
Carpenter and Tamura that the phenomenon of the growth of twin 
crystals is due to faulty crystal growth, and not to a process of 
development from crystal nuclei existing in the slip plane. 

On the Progress of the Austenite Transformation during the 
Cooling of Iron-Nickel-Carbon Alloys. H. Lange and K. Mathieu. 
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(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1938, vol. 20, No. 10, pp. 125-134). The authors describe a magnetic 
investigation of the transformation of austenite during the rapid 
cooling from 800° C. to room temperature of a number of iron-nickel- 
carbon alloys containing from 4 to 12% of nickel. It was found that 
two kinds of transformation took place, the determining factors being 
the nickel content and the rate of cooling. One kind was character- 
ised by the fact that there was no change in the concentration of the 
remaining austenite, whilst in the other case there was a change in 
the concentration due to the formation of carbide and of a marten- 
sitic structure. These changes are shown graphically in three- 
dimensional diagrams. 

The Binary Iron-Rhenium System. H. Eggers. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, 
No. 12, pp. 147-152). An account is given of a thermo-analytical, 
microscopic and X-ray investigation of the iron-rhenium system up 
to 70% rhenium, together with an iron-rhenium diagram built up 
from the results obtained. 

Recent Developments of the Theory of the Solid-Solution Phase of 
Binary Alloys. G. Moliére. (Metallwirtschaft, 1938, vol. 17, June 
17, pp. 650-654). The author discusses the theories of he solid- 
solution phase as developed by Schottky and Wagner, Bragg and 
Williams, Bethe and Peierls, and Kirkwood, with particular reference 
to the mixture ratios of 1:1 and 1:3. He considers that Kirk- 
wood’s theory could be generalised to apply to any mixture ratio. 
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A Thermo-Magnetic Study of Rusts. A. Michel and M. Gallissot. 
(Métaux et Corrosion, 1938, vol. 13, Aug., pp. 144-147). The 
authors present some graphs obtained by plotting the magnetic 
attraction of rusts in relation to temperature, and discuss these 
with reference to the changes in crystalline structure in the rusts 
caused by the temperature increase. 

The Metal/Solution Potential and the Corrosion-Resistance of 
Metals and Alloys. L.Guitton. (Chimie et Industrie, 1938, vol. 39, 
June, pp. 1058-1068). The author develops an equation which 
expresses the relation between the rate of dissolution of a metal in an 
acid solution and the metal/solution potential. He then describes a 
series of experiments with test strips of carbon steels, stainless steels 
and pure non-ferrous metals in various acids, the results of which are 
plotted as graphs, producing approximate parabolas. Only the 
curve for iron showed some irregularity. As this was the only 
unalloyed metal tested, and it contained less impurities than the 
alloys, its rate of dissolution in relation to the potential would be 
less than that of the alloys. 

The Fight Against the Corrosion of Metals. A. Portevin. 
(Métaux et Corrosion, 1938, vol. 13, Aug., pp. 147-149). The 
author discusses the manner in which the addition of alloying 
elements to iron and steel retards or prevents the process of corrosion. 

Cavitation Erosion of Cast Metals and Alioys. J. W. Donaldson. 
(Foundry Trade Journal, 1938, vol. 59, Aug. 4, pp. 88-89 ;. Aug. 11, 
pp. 99-100, 102). After explaining the principles of the phenomenon 
of cavitation, the author describes the laboratory investigation of 
the rate of cavitation erosion using an apparatus in the form of a 
Venturi tube and by a method of high-frequency vibration. The 
results of German and American investigations on the amount of 
cavitation loss of cast carbon steels, low- and high-alloy steels and 
cast non-ferrous metals are given in tables and discussed. It was 
found that the influence of hardness on the degree of cavitation loss 
was not so marked as was the influence of structure, for an austenitic 
matrix in which various constituents formed a solid solution was 
definitely superior to a ferritic matrix consisting of separate aggre- 
gates. 

Corrosion Caused by Cavitation and Falling Drops. H. Mueller. 
(Stahl und Eisen, 1938, vol. 58, Aug. 18, pp. 881-887). A study of 
the literature on the occurrence of the cavitation of ships’ propellers, 
turbine blades and pumps and of the wear caused by the impact of 
drops in turbines shows the similarity between the two phenomena. 
After discussing these forms of erosion, the author shows that the 
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rate of erosion depends chiefly upon the velocity of the water, and 
that a sharp groove first appears from which the pitting spreads. 
The time taken for erosion to begin depends upon the smoothness 
and hardness of the metal surface. The author was unable to 
establish any relationship between the erosion and the tensile 
strength, hardness or structure of the metal. 

Frettage Corrosion. (Automobile Engineer, 1938, vol. 28, Aug., 
p. 278). A brief description is given of the apparatus at the National 
Physical Laboratory for studying frettage corrosion, which is the 
surface deterioration which occurs between closely fitted metal parts. 
It has been found that the rapidity of the corrosion and the amount 
of oxide produced are proportional to the amplitude of the relative 
movement but are independent of both speed and load. It has also 
been observed that stainless and hard steels show the maximum of 
this kind of corrosion, and that the minimum amount of corrosion 
occurs between pairs of metals having the greatest difference in 
hardness. 

Corrosion of Steels Containing Tin. (Metallurgist, 1938, Aug., 
pp. 151-152). A critical discussion of a paper by K. Daeves which 
appeared in Stahl und Eisen, 1938, vol. 58, June 2, pp. 603-604, with 
references to other recent literature on corrosion tests and the 
mechanical properties of steel containing tin. (See p. 184 4). 

Determining the Corrosion Resistance of Tin Plate. V. W. 
Vaurio, B. 8. Clark and R. H. Lueck. (Industrial and Engineering 
Chemistry, Analytical Edition, 1938, vol. 10, July 15, pp. 368- 
374). The authors describe a simple test for the corrosion 
resistance of tinplate based on the rate of hydrogen formation 
resulting from the attack of hydrochloric acid on a standard 
tinplate specimen. The “ container service value” of tinplate is a 
measure of its resistance to corrosion loss. The correlation 
between hydrogen evolution values and container service values 
of plain containers packed with peaches, pears, cherries and 
prunes in syrup indicate that this test gives reasonably accurate 
predictions of container service value. It was found that certain 
metallic alloying constituents of the steel base affect the con- 
tainer service value with some foods, but do not show a 
corresponding effect on the hydrogen evolution value. Copper 
lowers the container service value in the case of cherries and prunes 
in syrup, but has no effect on the service value in the case of peaches 
or pears. 

The Corrosion Rate of Steel in Air During Very Long Periods. K. 
Daeves and K. F. Mewes. (Stahl und Eisen, 1938, vol. 58, Aug. 4, 
pp. 841-842). The authors discuss the results of some chemical and 
microscopic examinations of 60-year-old wrought-iron rails, which 
were made in order to try to obtain information on the rate of 
corrosion over long periods. The rails contained 0-2-0-3% of copper 
and 0-11-0-16% of phosphorus and the average loss due to corrosion 
was found to be 20-40 g. per sq.m. per year. It was also established 
that the rate of corrosion decreased as time went on. 
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Cracking of Steel in Ammonium Nitrate Solutions. (Metallurgist, 
1938, June, pp. 131-132). A summarised account is given of 
experiments by M. Smialowski to determine the time required to 
break loaded specimens of mild steel and electrolytic iron wire 
exposed to boiling ammonium nitrate solutions, and his conclusions 
are compared with those of other investigators. 

The Intercrystalline Corrosion of Large-Grained Steel Specimens in 
Ammonium Nitrate Solution. M.Smiaiowski. (Wiadomosci Institutu 
Metallurgii i Metaloznawstwa, 1938, vol. 5, No. 2, pp. 80-82). (In 
Polish). Samples of recrystallised steel sheet 1 mm. thick containing 
0-:055% of carbon, 0-068% of manganese, 0-009% of phosphorus, 
0-019% of sulphur, 0-10% of copper and 0-15% of nickel, some bent 
cold, and others soft-annealed were subjected to the attack of a boil- 
ing 50% ammonium nitrate solution, and it was found that the result- 
ing corrosion was confined exclusively to the crystal boundaries. 

The Action of Hydrogen on the Carbides of Iron and Chromium. 
(Metallurgist, 1938, Aug., pp. 156-157). Some experiments by L. 
Jacqué to determine the relative stability of iron and chromium 
carbides to attack by hydrogen are reviewed. Iron carbide (Fe,C) 
was put in an internally heated autoclave and subjected to treatment 
for 50 hours with hydrogen at different pressures. The following 
results were obtained : (a) At 500° C. and 50 kg. per sq. cm. pressure 
the carbon was lowered from 6-67% to between 2-5 and 3-5%; (6) 
at 550° C. and 50 kg. per sq. cm. pressure it was lowered to between 
1-6 and 2:3% ; and (c) at 550°C. and 100 kg. per sq. cm. pressure, the 
carbide was entirely decomposed. On the other hand, the carbide 
of chromium Cr,C,, heated either at 500° or 550° C. and under a 
pressure of either 50 or 100 kg. per sq. cm., showed no detectable 
change. These experiments confirm the superiority of low-carbon 
high-chromium steels in their resistance to the influence of hydrogen 
at high temperatures under high pressures. 

Steels for Petrol-Producing Plants. FF. K. Naumann. 
(Technische Mitteilungen Krupp, Technische Berichte, 1938, vol. 6, 
Aug., pp. 77-87). The author considers the qualities of steel which 
are required in the construction of plants for the three processes of 
producing petrol, namely, by cracking, by hydrogenation (the 
Bergius process) and by synthesis from water-gas (the Fischer- 
Tropsch process). The discussion is confined principally to steels for 
the second process as its conditions are the most exacting. In this 
the steels are required to resist the attack of hydrogen and of 
sulphuretted hydrogen at pressures of from 300 to 700 atm. and at 
temperatures of from 450° to 550° C. The author shows by graphs 
the results of many tests made to investigate the effect of various 
percentages of chromium, nickel, molybdenum, silicon and aluminium 
in the steel on the rate of corrosion when subjected to attack by these 
gases. 

Gas Pipe Materials and Coatings. C.C. Challis. (Soil Corrosion 
Conference, Washington : Gas World, 1938, vol. 109, Aug. 20, pp. 
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146-148). The author describes the results of an investigation of 
the corrosion in soil of cast-iron and steel gas mains undertaken by 
the Australian Gas Light Co., Sydney. Laboratory tests showed 
that centrifugally spun iron pipes corroded more rapidly under 
electrolytic action than sand-cast pipes, but the two materials had 
the same resistance to soil corrosion. Where butt-welded steel pipe 
is used, a very strict inspection of the welds is maintained, as it has 
been found that the welded seams are frequently potential zones of 
rapid localised corrosion. Cast malleable fittings were found to be 
more susceptible to corrosion than mild-steel fittings. Corrosion 
due to stray current electrolysis is discussed. To avoid this, non- 
metallic substances have been suggested, and mains made of 
asbestos-cement have been successfully used for ten years in the 
distribution of water in many parts of Australia, where the soil- 
waters are relatively free from carbon dioxide. In the concluding 
part of his paper the author discusses the protection of mains by 
coatings of coal-tar pitch, cement-concrete and asbestos-cement. 
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Hutton, W. S. ‘The Works’ Manager’s Handbook.’’ Ninth 
Edition, revised and enlarged by E. Pull. 8vo, pp. xii + 462. 
Illustrated. London, 1938: The Technical Press, Ltd. 
(Price 30s.) 


This handbook of rules, formulx, tables and data for the use of 
civil and mechanical engineers, millwrights, power users and boiler- 
makers, machinists, tool-makers, iron and brass founders, and metal 
workers, &c., was originally compiled by the late W. S. Hutton, and 
ran through eight editions. It has now been revised and enlarged by 
E. Pull, who has brought much of it into line with modern practice 
and added about forty pages of new matter. The contents are divided 
into six sections, as follows: (1) Stationary and locomotive steam- 
engines, gas-producers, gas-engines, oil-engines, &c., (2) hydraulic 
memoranda, pipes, pumps, water-power, &c., (3) millwork, shafting, 
gearing, pulleys, &c., (4) steam boilers, safety-valves, factory 
chimneys, &c., (5) heating and ventilating; melting, cutting and 
finishing metals; alloys and casting; wheel-cutting; screw cutting, 
&c., and (6) strength and weight of materials; workshop data, &c. 
Each section is provided with an extensive list of contents, and there 
is a good index at the end. As is the case with all comprehensive 
handbooks, some experience in its use is necessary before its value can 
be appreciated, for one must become familiar with the contents before 
it is possible to know when to consult it and where to look for what is 
wanted. The vast amount of information included and the wide range 
of subjects covered indicate that the book should be useful to many 
types of engineers and others, and this is borne out by the success of 


previous editions. 
J. M. RoBERTsoN. 


Laine, J., and R. T. Rotrg. ‘A Manual of Foundry Practice.” 
Second Edition, revised and enlarged. 8vo, pp. viii + 312. 
Illustrated. London, 1938: Chapman and Hall, Ltd. 
(Price 18s.) 


In the preface to the first edition of this book the authors explain 
that it was written because of the deplorable lack of books dealing 
with foundry practice in a manner appropriate to the needs of the 
foundry executive and engineer of to-day. There are a number of 
books devoted to foundry practice, and others on specific aspects of 
the subject, but they have in the main been written in other countries 
or some time ago, and in so far as modern practice in Britain is 
concerned, the statement of the authors is justified. It is not 
surprising that foundry practice is inadequately represented in the 
literature, for the foundry industry has tended to cling to its traditional 
empiricism, and has been slow to appreciate or assist in the assembling 
of the kind of knowledge that can be included in or qcquired from 
books. During recent years, however, this position has been changing 
rapidly, and this is indicated by the fact that the first edition of this 
book was sold out in just over three years. The general object of the 
work is to provide an account of modern British methods of production 
which includes those details that are vital to successful practical 
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operation. It is intended for the use of all connected with the foundry 
industry, and deals with advanced technique as well as with basic 
principles. In preparing the second edition the authors have 
endeavoured to remedy certain deficiencies in the first, and in particular 
the chapter on non-ferrous founding has been considerably expanded. 
The book begins with a chapter on the principles of moulding and 
core-making, and this is followed by three chapters devoted respectively 
to core-making, moulding tackle and moulding technique. The next 
three chapters are concerned respectively with plate and machine 
moulding, moulding and running in relation to design, and loam 
moulding. Following this there are two chapters dealing with the 
metallurgy and the melting of cast iron. Special methods employed 
in the production of chill and malleable cast iron are considered in the 
penultimate chapter, and the book concludes with a chapter on non- 
ferrous founding. Space has not permitted the inclusion of a discussion 
of steel founding, but that should not detract from the value of the 
book to members of the foundry industry. 
J. M. RoBertson. 


Rosgennouttz, J. L., and J. F. Ousterte. “ The Elements of 


Ferrous Metallurgy.” Second Edition. 8vo, pp. vii + 258. 
Illustrated. New York, 1938. John Wiley and Sons, Inc.; 
London : Chapman and Hall, Ltd. (Price 15s.) 


This is the second edition of a book that was originally published 
in 1930 under the authorship of J. L. Rosenholtz. Since then 
important advances have taken place in the science and art of ferrous 
metallurgy, and in their revision the authors have endeavoured to take 
account of these, in so far as is consistent with the purpose of the book. 
The general aim of this work is to present an elementary account of 
the production and subsequent treatment of iron and steel. It covers 
familiar ground, and after an introductory chapter it proceeds to deal 
in turn with the blast-furnace, the Bessemer process, the open-hearth 
process, the electric process, wrought iron, the cementation and crucible 
processes, ingots, the iron-carbon system, mechanical treatment, heat 
treatment, carbon steels, alloy steels, cast irons and foundry practice. 
In order to include all this in a volume of the present size rigorous 
condensation is essential, and the authors have endeavoured to do this 
by keeping on general lines and omitting detail. The book is intended 
for the use of engineering students, and presumably also for practising 
engineers who have not already made a study of ferrous metallurgy. 
The authors realise that the treatment is too brief to make the book 
suitable for those who are making a special study of metallurgy, and 
do not recommend it for this purpose. Students of engineering who 
require some knowledge of metallurgy are, however, much more 
numerous than students of metallurgy, and a substantial proportion 
of metallurgical text-books is addressed to them. Different opinions 
prevail as to how the available space should be allocated in books 
addressed to engineers. As they have, as a rule, little to do with 
manufacturing processes, and are mainly interested in metals from 
the point of view of users, there is some foundation for the view that 
they are principally concerned with the properties and applications of 
the different types of steels and irons. But this is a subject that 
cannot be understood without some knowledge of the relations between 
properties on the one hand and composition, heat and mechanical 
treatment, &c., on the other. This in turn makes it necessary to 
include a description of the iron-carbon system. It is obvious, however, 
that if an engineer is setting out to learn something about metallurgy 
he ought to know about the relations between cast iron, wrought iron 
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and steel, the difference between the acid and basic and Bessemer and 
open-hearth processes, the advantages of the electric processes, the 
importance of deoxidation practice, and so on. Logically, a book on 
ferrous metallurgy, addressed to engineers, should cover the same 
ground as any other book on the subject. This is what has been 
attempted in the present volume, which is divided more or less equally 
between discussion of the processes of manufacture, and treatment, 
properties and uses. 
J. M. Rosertson. 


Spowers, W. H., jun. “ Hot-Dip Galvanizing Practice.” First 
Edition. 8vo, pp. xi-+ 189. Illustrated. Cleveland, Ohio, 
1938 : The Penton Publishing Co. (Price 17s. 6d.) 


In spite of the extent of the galvanising industry there was, privr 
to the appearance of this volume, only one book specifically devoted 
to the subject, and the appearance of the present book, written by one 
who has had a long practical experience in the industry, is a welcome 
addition to metallurgical literature. The 189 pages which the book 
contains are divided into 114 of text, sixty-two of bibliography and 
thirteen of index. The text begins with a chapter on the history of 
galvanising, and this is followed by three which deal respectively with 
the principles of zine coating, reduction of dross losses and progress in 
kettle installations. The next eight chapters are devoted to a descrip- 
tion of the galvanising of specific articles, e.g. straight wire, poultry 
netting, pipe, sheets, pipe fittings, stamped metal ware, range boilers 
and barrels. In the next chapter a permanent galvanising kettle is 
described. Here the author points out that the use of a steel kettle 
is fundamentally wrong. During the extraction of zinc efforts are 
made to eliminate iron, yet the galvaniser melts his zinc in a steel 
container and has to contend with loss of zinc through dross formation 
and destruction of his kettles. Many experiments have been conducted 
in an endeavour to find an inert refractory lining for galvanising 
kettles, and such a high degree of success has recently been obtained 
in laboratory and semi-commercial experiments with a boro-silicate 
lining that a full-size kettle of this type has been put into operation 
in a large wire plant. Later chapters are concerned with the control 
of oxidation and radiation in galvanising kettles, fluxes and fluxing, 
and pyrometers and pyrometry. The book concludes with an extensive 
bibliography of references on galvanising. These references are not 
related to the text, but constitute a bibliography on galvanising 
compiled by V. S. Polansky, and classified under headings such as 

galvanising procedure, equipment and fuels, tests of coatings, 
specifications, descriptions of plants, by-product recovery, patents, &c, 
J. M. RoBERTsSoN. 
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The Coal Seams of Karawanken and District. F. Kahler. 
(Berg- und Hiittenmannische Monatshefte der Montanistischen 
Hochschule in Leoben, 1938, vol. 86, Aug., pp. 201-205). An 
account is given of the geological formation of the coal seams near 
Karawanken in Carinthia. 

The West Styrian Ironstones. F. Schwarz. (Berg- und Hiitten- 
mannische Monatshefte der Montanistischen Hochschule in Leoben, 
1938, vol. 86, Aug., pp. 205-206). The author presents a short 
account of an investigation of the occurrence of iron ores near 
Oberhaag-Lieschen, Mattelsberg and Fresing in Styria, in southern 
Austria. 

The Ores of the Tyrol. (Montanistische Rundschau, 1938, 
vol. 30, Aug. 1). A brief account is given of the mineral resources 
of the Tyrol, the exploitation of which has not been actively 
pursued. It is stated, however, that the German authorities are 
busy with plans to revive these industries. Lead, copper and 
zine ores are the most important, but reference is also made to 
iron ores near Jenbach, which at one time provided the raw material 
for a small local industry in the Inn and Stubai valleys. 

Geological Development in U.S.S.R. N. N. Gornostayev. 
(Metallurgia, 1938, vol. 18, Aug., pp. 127-128). The author briefly 
surveys the great progress achieved in the discovery and develop- 
ment of the mineral wealth of Russia in recent years. The iron ore 
deposits of the Union are now known to be 5} times greater than 
they were estimated to be in 1913. 

The Present Position of Mining in Russia. F. Friedensburg. 
(Zeitschrift fiir praktische Geologie, 1938, vol. 46, Aug., pp. 151- 
158). The author examines the progress made in the production of 
minerals in Russia. It is estimated that the production of iron 
ore has increased from 8 million tons in 1929 to 29 million tons 
in 1936, and that of coal from 37 to 108 million tons in the same 
period. 

Brown Iron-Ore Deposits of the Greenville District of Alabama. 
W. B. Jones. (Mining and Metallurgy, 1938, vol. 19, June, pp. 
280-281). A brief outline is given of the occurrence of brown ore 
or limonite in northern Alabama, and the geology of the formation 
is discussed. The ore lies at a depth of only 4 or 5 ft. and is worked 
by pick and shovel. It contains from 45 to 48% of iron. Interest is 
now reviving in these deposits, and since mining began about three 
years ago 1300 truck-loads have been sent away. 

Geology and Fuel Resources of the Southern Part of the Oklahoma 
Coal-Field. C. H. Dane, H. E. Rothrock and J. 8. Williams. 
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(United States Department of the Interior, Bulletin 874-C, 1938, 
Part 3, pp. 151-240). The authors describe the geology and history 
of the working of the Quinton-Scipio district in the counties of 
Pittsburg, Haskell and Latimer. Coal has been mined intermittently 
since 1902, but only a small amount for local use is now produced. 
There are several coal-beds in the lower part of the Boggy shale, 
but only the Secor coal, which lies 450 to 500 ft. above the base of 
that formation, has been mined on a commercial scale. This seam 
is 2-3 ft. thick and is a bituminous coal of good quality. 

The Occurrence of Minerals in the Former German Territories 
in Africa and the South Seas. P. Range. (Zeitschrift fiir praktische 
Geologie, 1938, vol. 46, Aug., pp. 139-150). The author presents a 
survey of the latest available information on the estimated reserves 
of minerals in the former German colonies. 


1938—ii Z 
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(Continued from p. 58 a) 


Screw Conveyors for Bulk Materials Handling. F. Juraschek. 
(Iron Age, 1938, vol. 142, Aug. 4, pp. 28-32). The author discusses 
the use of archimedean screw conveyors for various kinds of materials 
with special reference to the design of the screw in relation to the 
grain-size and abrasive nature of the substance to be moved. 

Improving the Process of Sintering on Sintering Band Conveyors. 
V. Arbuzov. (Stal, 1938, No. 3, pp. 1-10). (In Russian). The 
various stages of the sintering process were subjected to a critical 
study with the object of improving both the quantity and quality 
of the sintered product. A great deal of attention was devoted to 
the problem of grain-size segregation of materials (coke and ore) in 
the various storage bunkers. An investigation was made of the 
effect of blast-furnace flue dust additions, both on the sintering 
process and on the quality of the agglomerate. Other problems 
studied included the preparation of the raw materials, the mixing 
and moistening of the charge, the loading and distribution of the 
mixture on the band conveyors and finally the suitability of various 
methods of cooling the product. Conclusions are drawn regarding 
the optimum operating procedure for the conditions existing at the 
Kirov Works, where the investigation was carried out. 

Electric Equipment in Coal and Ore Dressing Plants. S. Oester- 
lein. (Engineering Progress, 1938, vol. 19, Sept., pp. 169-175). 
In this article the author emphasises the advantages of individual 
electric motor drive to the various units of coal and ore dressing 
plants, and discusses the factors to be considered in the selection 
of a motor for each particular service. A number of illustrations 
show the motors and drives as installed at some of the works and 
collieries in the Ruhr district. 

Special Methods for Concentrating and Purifying Industrial 
Minerals. G. W. Jarman. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 959; Mining 
Technology, 1938, vol. 2, July). The author presents a description 
of some special methods of separating and concentrating minerals, 
which include the use of magnetic separators, electrostatic separators 
and air flotation or air tables. 

Iron-Ore Treatment as an Economic Problem. C. Zapffe. 
(Mining and Metallurgy, 1938, vol. 19, Aug., pp. 359-360). The 
author considers the economic aspects of the iron-ore reserves of 
the Lake Superior region. With present consumption at approxi- 
mately 60 million tons per annum, it is estimated that the reserves 
are sufficient for about another 35 years. At present the more 
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costly methods of ore treatment are not being used, and the author 
suggests it would be sound policy to consider now the treatment of 
ores which may be high in “ volatiles,” or silica or phosphorus, so as 
to use them in conjunction with the better ores, because at some 
later date, when the best grades of ores have been used up, the low- 
grade ore will remain useless, as it will be uneconomic to treat it 
by itself. He also suggests that the treatment of fines now dis- 
charged from the ore-washing plants should receive much more 
attention than it does at present. 

Benefits from the Use of High-Iron Concentrates in a Blast 
Furnace. C. E. Agnew. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 956; Metals 
Technology, 1938, vol. 5, Aug.). The author describes how the 
Alan Wood Steel Co. improved the process of smelting the New 
Jersey and eastern Pennsylvania magnetite ores so that they can 
now be worked in competition with the more easily reducible Lake 
hematites. The chief difficulty encountered was in the sintering 
process, when it was found by microscopic analysis that the iron ore 
crystals were surrounded by a coating of fused silicate in the form 
of fayalite (Fe,SiO,). This difficulty was overcome by reducing the 
amount of silica in the ore before sintering. 

Burden Material. J. T. Whiting. (American Iron and Steel 
Institute, May 26, 1938: Steel, 1938, vol. 103, Aug. 8, pp. 40-41, 
56; Aug. 15, pp. 39-42). The author shows how the Alan Wood 
Steel Co. improved their process of smelting the magnetic ores from 
New Jersey and eastern Pennsylvania. (See preceding abstract). 
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(Continued from pp. 261 a—269 a) 


The Decomposition Temperatures of South Wales Coals. T. 
Evans and T. H. C. Phelps. (Proceedings of the South Wales 
Institute of Engineers, 1938, vol. 54, Sept. 10, pp. 169-177). This 
paper describes a simple apparatus and method for the rapid 
determination of the active decomposition points of a number of 
South Wales coals. The results obtained for 27 coals with carbon 
between 84 and 93% and volatile matter from 35 to 7%, and the 
relationship between the active decomposition points and the 
elementary analyses are examined and discussed. 

Useful Portable CO, and Temperature Indicator. (Fuel Econo- 
mist, 1938, vol. 14, Aug., p. 284). A description is given of a 
portable instrument for boiler-house use with which the carbon 
dioxide content and the temperature of the flue gases can be 
measured. The size of the instrument is 12 x 8 x 7 in. and it 
weighs 11} lb. 

Recent Information on the Structure of Coal. M. L. Crussard. 
(Revue de l’Industrie Minérale, Mémoires, 1938, Sept. 15, pp. 331- 
350). After considering the crystal structure of amorphous sub- 
stances, and the physical properties of asphaltic and humic 
substances, the author describes the application of peptonisation as 
a means of studying the atomic structure of coal. He discusses 
the decomposition of coal by heat, by reaction with hydrogen and 
by reaction with oxygen, and concludes with a chapter on the 
physical properties of fatty coals. 

The X-Ray Examination of Natural Coals. T.Schoon. (Ange- 
wandte Chemie, 1938, vol. 51, Sept. 10, pp. 608-612). The author 
describes an X-ray investigation of 15 samples of German bright 
bituminous coals, the results of which show that in all probability 
these coals consist principally of individual layers of carbon atoms, 
these atoms forming a graphitic lattice structure on the surface of 
which organic compounds are adsorbed. It was found that the 
values of the interferences which occurred increased as the degree of 
ageing diminished. The ash content of the coal could be determined 
easily and accurately by the use of X-rays. 

Ball-Mill Grindability Indexes of Some American Coals. H. F. 
Yancey and M.R. Geer. (United States Bureau of Mines, Report of 
Investigations No. 3409, July, 1938). This report presents the 
results of grindability tests on 34 samples of coal from Illinois, 
Kentucky, Pennsylvania, Utah, Virginia, Washington, West Virginia 
and British Columbia. 

Coal-Preparation Plant at the Isabella Mine of Weirton Coal 
Company. (Iron and Coal Trades Review, 1938, vol. 137, Sept. 23, 
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pp. 469-470). A description is given of this large American coal 
preparation plant, which includes two five-compartment Simon 
Carves jig-washers and auxiliary equipment. The capacity of the 
plant is 308 tons of blended raw coal per hour. 

The Production of Active Carbon from Bituminous Coal. J. G. 
King, D. MacDougall and H. Gilmour. (Department of Scientific 
and Industrial Research, Fuel Research Technical Paper No. 47, 
1938: Colliery Guardian, 1938, vol. 157, Sept. 9, pp. 490-492 ; 
Sept. 16, p. 533: Iron and Coal Trades Review, 1938, vol. 137, Sept. 
2, p. 374: Gas World, 1938, vol. 109, Sept. 10, p. 223). The 
authors describe an investigation undertaken to ascertain whether 
active carbon could be produced from lump coal carefully graded 
to the required size, in a manner which would dispense with the 
necessity for briquetting. The general conclusion drawn from the 
experiments described in the first part of the paper was that active 
carbon produced from briquetted blends tends to have a rather 
higher activity than that produced in a similar manner from sized 
weakly-caking coals. The investigation showed that activated coke 
can be prepared by the carbonisation of carefully selected coals of 
the hard durain type which do not swell on carbonisation at 500° C. 

Comparative Pulverized Fuel Boiler Tests on British Columbia 
and Alberta Coals and on Ontario Lignite. C. E. Baltzer and E. 8S. 
Malloch. (Department of Mines and Resources, Canada, Report 
No. 790). An account is given of a series of comparative boiler 
tests undertaken to obtain data regarding the burning of Canadian 
fuels in the pulverised state for steam raising. The samples tested 
included 12 from British Columbia, 11 from Alberta, 4 from northern 
Ontario and a typical coking coal readily obtainable in Ottawa. 

British Standard Method for the Crucible Swelling Test for Coal. 
(British Standards Institution, No. 804-1938). This crucible 
swelling test has been standardised by a series of tests in a number 
of laboratories using a wide variety of coals. Its special value as 
compared with other crucible tests lies in the use of a crucible of 
special shape, of a levelled coal surface, and of standardised uni- 
directional heating by means of a gas flame, with the result that a 
button of regular shape is obtained which can be simply assessed 
by comparison with standard outlines. 

Modern By-Product Coking Design. (Fuel Economist, 1938, 
vol. 14, Sept., pp. 327-333). In this article an account is given of 
the successive improvements in coke-oven design introduced by 
Heinrich Koppers since 1901 which have led up to the latest type 
of combination circulating oven, the principles of which are fully 
described. 

Recent Developments in Low-Temperature Externally-Heated 
Coal-Carbonisation Plants Abroad. A. Thau. (Gliickauf, 1938, 
vol. 74, Sept. 17, pp. 795-801). The author describes six types of 
low-temperature coke-ovens which have been developed during the 
last few years outside of Germany. These are: (1) The horizontal 

















342 A FUEL. 


plate-oven used in the Ab-der-Halden process in France. (2) The 
octagonal oven divided into 3 layers of 8 cells each used in the 
Hardy process in Belgium. (3) The vertical ovens into which coal 
briquettes are charged. This plant is being successfully worked 
by the Compagnie Générale Industrielle in Carmaux (France). (4) 
The low horizontal retorts through which the charge passes on a 
conveyor. This is known as the Moore process. (5) The vertical 
retorts used in the Salisbury-Jones and R. Nisbet process in 
Millwall, London, and (6) The Cellan-Jones ovens now being used 
at Seaham Harbour. 

Low-Temperature Carbonisation in the By-Product Coke Oven. 
G. E. Foxwell. (Coal Carbonisation, 1938, vol. 4, Sept., pp. 135- 
141). The author describes the conditions necessary for the pro- 
duction of a good high-volatile coke for use in open-grates using 
by-product ovens which are discharged when the centre of the 
charge has reached 500° C. and discusses the results obtained using 
a trial battery of three Gibbons/Cellan-Jones ovens. These trials 
led to the erection of a battery of 51 of this type of low-temperature 
oven having a length of 34 ft. between the buckstays, an oven 
chamber height of 8 ft. and an average width of 9 in. Each oven 
holds a charge of about 5 tons. With a flue temperature of about 
720-750° C. the carbonising time with Durham coals is 24 hr. and 
about 4 hr. less when using Midland coals. A full description of the 
battery is given in this article together with input and output data 
and a short statement of the income from sales and the expenditure. 

Pipe-Still Distillation. D. R. Kernon. (Gas World, 1938, vol. 
109, Sept. 3, pp. 184-188). The history and development of the 
recirculating system of distillation for tar and oil are discussed. 

Refrigeration Process for the Separation of Benzol from Coke- 
Oven Gas. J. Wucherer. (Iron and Coal Trades Review, 1938, 
vol. 137, Sept. 30, pp. 512-513, 516). A translation of an article 
which appeared in Stahl und Eisen, 1938, vol. 58, June 30, pp. 
689-692, (See p. 129 ). 

Solid Smokeless Fuel. M. Barash. (Irish Association of Gas 
Managers, Aug. 9, 1938: Gas Journal, 1938, vol. 223, Aug. 24, 
pp. 460-470). In this paper the production, preparation, utilisation 
and characteristics of gas coke, and high- and low-temperature 
oven cokes are discussed, and the author indicates the lines on which 
progress has been and is being made by the gas industry in its 
endeavours to meet the existing and increasing demand for solid, 
smokeless fuel for domestic as well as many industrial purposes. 

Propane, Butane and Related Fuels. E.R. Weaver. (National 
Bureau of Standards, 1938, Circular No. C 420). The manufacture, 
composition, properties and methods of distribution of commercial 
propane and butane are described and a table is given of the trade 
name, manufacturer’s name, method of storage and type of a large 
number of these fuels available on the American market. 
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(Continued from pp. 270 a—274 a) 


Noteworthy Innovations in a Blast-Furnace Lining. J. Stoecker 
and A. Rein. (Stahl und Eisen, 1938, vol. 58, Sept. 8, pp. 965-970). 
The authors describe the changes which were made in the re- 
construction of one of the Bochumer Verein blast-furnaces in 1936. 
A new system of coolers was incorporated which was so efficient 
that the thickness of the refractory lining was considerably reduced. 
The steel sheet plating was electrically welded throughout. A cast- 
steel ring was suspended from another casting at the top of the 
furnace ; this hangs down the inside to a depth of 2 m. and protects 
the brickwork from the impact of the charge as it falls off the bell. 
The improvements also included a new design of slag bogie with 
side outlets. In the concluding part of the paper a centrifugal gas- 
cleaning plant to serve several blast-furnaces is described. 

The Fundamentals of the Desulphurisation of Pig Iron Using 
Sodium Carbonate and Sodium Silicates. F. Kérber and W. Oelsen. 
(Stahl und Eisen, 1938, vol. 58, Aug. 25, pp. 905-914; Sept. 1, 
pp. 943-949). After a comprehensive investigation of the process 
of desulphurisation of pig iron with low manganese and silicon 
contents, using sodium carbonate and sodium silicates, the authors 
arrived at the following conclusions : (1) When no silica is present 
in the melt, sodium carbonate alone is an excellent desulphurising 
agent. (2) The sodium sulphide which forms remains stable at 
1300—1400° C. and does not need sodium silicate as a solvent. 
(3) Even when the sulphur content is very low, it extracts the 
iron sulphide from the melt, so that the process of desulphuris- 
ation is not limited to the conversion of the iron sulphide to sodium 
sulphide. (4) Apart from carbon, no other reducing agent is needed 
for the desulphurisation. (5) When the sodium carbonate is 
thoroughly mixed with the metal, the reduction of the sodium 
(recognisable by the formation of thick fumes) only takes place at 
the end of the desulphurisation. (6) If any silica is present, this 
will increase the amount of sulphur left at the conclusion of the 
desulphurisation process. Sodium metasilicate, Na,O.SiO,, is, 
however, also a good desulphurising agent, the action of which is 
not confined only to the formation of sodium sulphide, but also 
extracts the iron sulphide from the melt. 

When a highly basic slag, rich in sulphide, is formed, there is a 
strong deoxidising effect due to the reducing action of the carbon ; 
but with a thick acid slag, this effec’ -s much less. If silica is 
added to the reduced, basic, desulphurised slag, this will have 
a very strong deoxidising effect, which, in cases where there is 
an excess of silica, would lead to a reduction to silicon. The 
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addition of an oxidising agent or undecomposed sodium carbonate 
together with a large excess of silica causes strong resulphur- 
isation. The desulphurising effect of the sodium silicates depends 
greatly upon the temperature, the amount of iron sulphide removed 
decreasing as the temperature increases. A series of graphs are 
developed from the laboratory tests which show the relationship 
between the final sulphur content of the iron and the amount of 
sulphur to be removed per unit of sodium carbonate for slags 
containing various quantities of silica. A second series of graphs 
demonstrates the relationship between the initial sulphur content 
and these factors. 

Influence of Different Slag-Producing Materials on the Viscosity 
of Blast-Furnace Slag. F. Hartmann. (Stahl und Eisen, 1938, 
vol. 58, Sept. 22, pp. 1029-1033). After describing an apparatus 
for determining the viscosity of blast-furnace slags and some results 
obtained with it, the author proceeds to a discussion of the effects 
on the properties of slag of the use, not only of the common fluxes 
unslaked lime, magnesia, silica and alumina, but also of the less 
common ones, such as titanic acid, zinc oxide, zirconium oxide, 
boric acid, fluorspar and some alkalis. In conclusion he describes 
an investigation lasting nine days in which a study was made of the 
changes in the properties of the slag which occurred while a furnace 
was being changed over from basic to acid ores. 

The Production of Ferro-Vanadium in the Electro-Metallurgical 
Department of the Chusovskoy Works. A. Yu. Polyakov. (Kachest- 
vennya Stal, 1937, No. 4, pp. 27-29). (In Russian). The layout of 
the electro-metallurgical department of these works is briefly 
described, after which the author goes on to examine the details of 
the production of ferro-vanadium, in which the vanadium is derived 
from calcium vanadate, special reference being made to losses of 
vanadium by volatilisation and in the slag. In conclusion the 
question of the wear resistance of the lining of the electric furnace 
used is examined. 

Iron Quality as a Problem of the Steel Industry. H.W. Graham 
and H. K. Work. (Yearbook of the American Iron and Steel 
Institute, 1938, pp. 167-185). (See p. 271 A). 

Cast Iron in the Last Hundred Years. E. Diepschlag. (Seven- 
teenth Congress of the French Foundry Technical Association, 
Lyons: Foundry Trade Journal, 1938, vol. 59, Sept. 1, pp. 153-155). 
In tracing the history of cast iron, the author shows how the in- 
creasing use of the steam engine and the construction of railways 
influenced the production of pig iron. He describes the difficulties 
encountered in the operation of the blast-furnaces when the only 
indicator available to the foundryman was the condition of the 
surface play of the molten iron. The evolution of foundries quite 
separate from the blast-furnaces is described, and the author 
concludes by explaining the reasons for the changes in pig-iron 
nomenclature, 
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The Position of the Eifel Iron Industry in 1815. H. Dickmann. 
(Stahl und Kisen, 1938, vol. 58, Sept. 8, pp. 971-976). By the agree- 
ment reached at the Vienna Congress in September, 1814, Prussia 
regained her former possessions in the Westphalian and Rhine 
districts, but in the following year hostilities recommenced. This 
caused the Prussian authorities to have a census taken of the 
number and productive capacity of the blast-furnaces and forges 
in the Eifel district. The author in this paper reviews the data 
obtained as a result of this census and gives a complete picture of 
the iron industry as it existed at that time. 

The Origin and History of the Buderus Iron Works at Wetzlar. 
O. Johannsen. (Stahl und Eisen, 1938, vol. 58, Sept. 29, pp. 
1057-1060). An account is given of the history of iron-making in 
the Wetzlar district of Germany from the fifteenth century up to 
the present time. The Buderus family was closely associated with 
this industry from the beginning of the eighteenth century until 
the formation of the Aktiengesellschaft Buderus’sche Eisenwerke 
in 1884. 

Ancient Sussex Iron Blooms: A Metallographic Examination. 
J. A. Smythe. (Transactions of the Newcomen Society, 1936- 
37, vol. 17, pp. 197-203). The author describes the results of 
his metallographic examination of two iron blooms unearthed in 
Sussex. The first, called the Forewood Bloom, was found among 
the cinder of the Forewood bloomery near Crowhurst. It weighs 
2-75 lb., and is composed for the most part of soft iron with which 
some hard cinder is mixed. The second is known as the Nanny’s 
Croft Bloom, and was found in Arundel Park; it weighs 0-66 lb. 
and is extremely hard, but may have a core of soft iron or low-carbon 
steel. A number of micrographs of the two blooms are reproduced, 
and from these and other observations the author deduces the 
probable process of manufacture. 

The Production of Pig Iron. J. R. Young. (Bureau of Steel 
Manufacturers of Australia, Whyalla, 1938, vol. 1, Aug., pp. 3-58). 
The author presents an historical survey of the making of iron and 
the development of the modern blast-furnace, and also gives some 
particulars of blast-furnace practice in Australia. 
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The Co-operation Between Founder, Designer and Machinist. 
H. Jungbluth. (Giesserei, 1938, vol. 25, Sept. 9, pp. 442-446). 
The author makes some observations on the co-operation between 
the founder, designer and expert machinist which is necessary for 
the production of good-quality castings. 

Foundry Modernization at Link-Belt Company. R. Bingham. 
(Iron Age, 1938, vol. 142, Aug. 25, pp. 22-25). A description 
is given of the improvements carried out by the Link-Belt Co., 
Chicago, at their iron and steel foundry. This company now 
produces about 800 tons of iron castings and 360 tons of steel 
castings per month. A special feature of the plant is an automatic 
mould-handling and storage unit designed for small and medium- 
sized moulds. The unit may be used as an elevator, conveyor or 
storage place, and has a capacity of 400-513 moulds, depending 
upon the size. 

Cupola Operation. D.J. Reese. (Transactions of the American 
Foundrymen’s Association, 1938, vol. 46, Sept., pp. 173-192). 
After defining the scope of cupola operation, the author discusses 
each detail of the procedure, showing the importance of using the 
smallest size of cupola consistent with production demands, and 
dealing in turn with fuel-burning rates, melting rates, normal 
working conditions, blast pressure and the coke and metal charges. 
He devotes part of his paper to a consideration of the factors which 
determine the dimensions of a cupola, and after touching upon 
tuyere performance, blower types, gauges and metering devices, 
he concludes with a section on the control of moisture in the 
blast, preheating the air, and the temperature of the iron when 
pouring. 

On the Melting of Grey Iron in the Electric Furnace. 0. Glaser. 
(Giesserei, 1938, vol. 25, Sept. 9, pp. 454-457). After briefly 
describing the construction and method of working the electric-are 
furnace, the author discusses in detail the three processes of making 
castings in grey iron, which are: The use of a “ made-up” grey 
iron, the use of a high-quality iron of ordinary composition and the 
duplex process. The technical details and the metallurgical changes 
which take place are explained, and after commenting on the 
improvement in quality obtained by the electric process, the 
author concludes by showing the advantages of the arc furnace as 
compared with other furnaces. 

Train’s Run on Chilled Car Wheels. P. Dwyer. (Foundry, 1938, 
vol. 66, Sept., pp. 32-33, 68-72). An account is given of the 
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moulding, casting and heat-treatment technique employed in the 
manufacture of chilled cast-iron wheels for railway trucks at the 
foundry of the Griffin Wheel Co. 

Rotary Stuerzelberg Furnace Produces High-Grade Iron. (Iron 
Age, 1938, vol. 142, Sept. 1, pp. 29-30). It has been found that 
in normal circumstances the Stuerzelberg furnace cannot compete 
with the conventional blast-furnace in the production of pig iron ; 
but in cases where only small quantities of iron are to be produced, 
or where no coke is available at an economic price and coal or 
lignite is available, the Stuerzelberg process can be used. In this 
article the process of reducing zinciferous calcined pyrites using 
this furnace is described. The pyrites are roasted in a sintering 
plant which reduces the sulphur to 0-1%, and then mixed with 
coke breeze and limestone. The mixture is passed to a bunker and 
thence into a preheater. Just before the end of a preceding melt, 
the preheated mixture is passed from the retorts by means of 
bottom gates through a funnel into a bucket. This bucket carries the 
mixture to the rotary furnace, into which it is charged. The furnace 
is heated by a coal-dust flame and a portion of the normal air of 
combustion is obtained from regenerators at a temperature of 
750-930° F. This is brought to a higher pressure by means of a 
special fan and used for delivering the coal dust. In working this 
furnace the slag is kept in a highly basic state, and it is therefore 
very viscous, but in spite of this, the continuous turning over of 
the charge causes excellent desulphurisation (as low as 0-01% if 
required). The article concludes. with a brief comparison of the 
“Renn” and “Stuerzelberg’’ processes; the former is a con- 
tinuous one, whereas in the latter the pig iron is produced in 
individual melts. 

Grey Iron or Light Alloy Castings? M. Majer. (Giesserei, 1938, 
vol. 25, Aug. 26, pp. 424-427). The author considers that such 
rapid advancement in foundry technique and in the development 
of new alloys has been made in the last few years, and that attention 
has been concentrated so much on these, that there has been little 
inclination to pause and survey the work done. In this article the 
author examines the properties of four classes of German standard 
light alloys and four qualities of grey cast iron, compares these and 
gives examples of the application of these metals to meet the 
requirements of different working conditions. 

The Effect of the Material, the Shape and the Moulding Tech- 
nique on the Productive Capacity of a Steel Foundry. H. Resow. 
(Giesserei, 1938, vol. 25, Sept. 9, pp. 447-450). After demonstrating 
that co-operation between the foundryman and designer should begin 
at the drawing-board, in order that the shape, quality of material 
and acceptance tests shall be determined, the author goes on to con- 
sider non-destructive methods of testing, and how to decide questions 
concerning weight, permissible tolerances and advantages that can 
be gained by combining castings and welded parts to form a 
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complete assembly. He concludes with some notes on the forging 
properties of steel castings. 

How Does Your Sand Behave? H. W. Dietert. (Foundry, 
1938, vol. 66, Sept., pp. 26-28, 62). The author describes methods of 
testing moulding sand and cores at high temperatures. (See p. 2804). 

Investigation of the Time of Ramming Sand. F. Boussard. 
(French Foundry Technical Association, Seventeenth Annual Con- 
vention: Foundry Trade Journal, 1938, vol. 59, Sept. 8, pp. 178- 
180). After commenting on the investigations of F. Boussard and 
B. Buffet, the author describes the results of his own research on 
the effects of depth of ram, intensity of the blow of the rammer 
and its shape and weight upon the time required. He develops a 
“ coefficient of effectiveness” which expresses the increase in 
intensity of the blow due to the force applied to the ram by the 
moulder. Thus, if the work done by a ram which the moulder 
moves through a vertical distance of 10 cm. is equal to what it 
would do if it fell freely from a height of 15 cm., the coefficient of 
effectiveness would be 1-5. He also gives a table which shows the 
theoretical ramming time per cubic metre for a given size and weight 
of ram for various numbers of blows per minute with coefficients of 
effectiveness of 1-5, 2, 2-5 and 3. In the concluding part of his 
paper the author shows how time can be saved by ramming with 
the feet initially and completing the operation with a medium 
followed by a heavy mechanical rammer. 

Risers or Gates for Some Special Non-Ferrous and Alloyed and 
High-Test Iron Castings. C. Brisbois and A. E. Cartwright. 
(Transactions of the American Foundrymen’s Association, 1938, 
vol. 46, Sept., pp. 219-248). The authors have experimented with 
the direct pouring of castings through risers, and have found the 
practice successful with many types of castings made from non- 
ferrous metals, high-test and alloyed cast irons. Their experiments 
were conducted on castings weighing from a few ounces to 2 tons. 
After much work they adopted a straight-sided, round-shouldered, 
short-necked feeding-head as a basic shape, the advantages of which 
are explained. They describe the various sands used in their shop 
for moulds to be filled through the riser. The use of strainer cores 
in the pouring risers is outlined and the dimensions and materials 
from which they are made are stated. They then describe in detail 
some of the types of castings which have been successfully produced 
by the direct-riser pouring method, and its application for the 
production of annealing pots, bushes, machine tables and pump 
impellers in high-duty cast-iron alloys. In conclusion they discuss 
the effect of direct-riser pouring on the surfaces of the mould and 
cores. 

Comparative Study of the Durability of Plain and Low-Alloy 
Quenched Rolls. E. Farafonov and I. Dukhin. (Stal, 1938, No. 3, 
pp. 25-33). (In Russian). After referring to previous work on the 
use of alloy (chromium and nickel) cast irons for rolls, the authors 
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describe the melting and chill-casting of a number of alloy cast-iron 
rolls. These rolls (700 mm. dia. by 1010 mm. long) were used for 
the rolling of sheet, and their behaviour was compared with that 
of plain cast-iron rolls. Alloy additions used varied from 0-23 to 
0-76% of chromium and 0-20 to 1-42% of nickel, and in some cases up 
to 0-5°% of molybdenum was also added. The data, which are given 
in tabular form, include information about the tonnage of metal 
rolled before failure, type of failure, time of service and also depth 
of chill and the Shore hardness of the quenched surface layer. 
Notes are also given about the microstructure of the rolls, and an 
attempt is made to correlate this and the depth of chill with the 
behaviour of the rolls. 

An Attempt to Produce High-Grade Medium Hard Cast-Iron 
Rolls. A. Zhurov and T. L’vov. (Stal, 1938, No. 3, pp. 54-57). 
(In Russian). Considerable improvements were achieved at the 
Komintern Works by changing over to chill-casting instead of the 
previously used dry-sand casting method of producing rolls. 
The iron contained 3-1-3-34% of carbon, 0-45-0-55% of silicon, 
0-5-0-8% of manganese, 0-2-0-3% of phosphorus and on the aver- 
age 0:1% of silicon. A finer graphitic structure was also obtained in 
the chill-cast rolls by the addition of graphitising constituents and 
of up to 30% of steel scrap. The microstructural characteristics 
of the chill-cast rolls are briefly dealt with. 

The Manufacture of Permanent Magnets. (Machinery, 1938, 
vol. 52, Sept. 15, pp. 725-729). An account is given of the materials 
and methods employed by Edgar Allen and Co., Ltd., Sheffield, for 
the manufacture of permanent magnets. Some particulars are 
given of a nickel-aluminium steel called “‘ Hymax Nial”’ from which 
the magnets are cast, and the moulding and subsequent machining 
operations are described and illustrated. 

Surmounting Difficulties in Foundry Practice. P. R. Ramp. 
(Foundry Trade Journal, 1938, vol. 59, Sept. 8, pp. 177, 180). This 
article appeared in Iron Age, 1938, vol. 142, Aug. 18, pp. 28-30, 
under the title of ‘‘ Tricks of the Trade.” (See p. 281 a). 

Shrinkage and Contraction of Cast Iron. A. A. Timmins. 
(Institute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 59, Sept. 15, pp. 191-193). The author refers to the three 
kinds of defects in castings due to shrinkage, which are (a) the draw 
which occurs as a jagged cavity in the centre of heavy sections, (6) 
the depression which occurs on the top of thick sections, and (c) the 
cracks and warping which occur in light castings, and states that 
fundamentally these are due to the changes in volume which take 
place during the cooling of the metal. He goes on to consider the 
three phases “liquid shrinkage,” “ solidification shrinkage,” and 
“solid shrinkage,” and discusses at some length the influence of 
composition, section thickness and pouring temperature on these 
phases. In the concluding part of his paper he considers the 
relation of contraction to warping and cracking. 
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(Continued from pp. 283 a—286 A) 


The Old Lancashire Steel Company. E.F. Lang. (Memoirs and 
Proceedings of the Manchester Literary and Philosophical Society, 
1937-38, vol. 82, No. 8). The author traces the history of the 
Lancashire Steel Co., the formation of which can be said to be due 
to the excitement and interest aroused by a display at the Great 
International Exhibition in 1862 of many articles made of the new 
Bessemer steel. He describes the processes of puddling wrought 
iron and the blowing of the Bessemer converter, and refers to the 
prejudices which had to be overcome in the introduction of the new 
product. Although the railway companies would buy rails of 
Bessemer steel, it was a long time before they would take boiler- 
plates of this material. Bessemer himself encountered serious 
rebuffs from the British War Office and the Admiralty. This and 
a long dispute about patents between Bessemer and Mushet had 
serious effects on the business of the company. Eventually the 
competition of the Bessemer plants erected by old-established 
rolling-mill firms, the cost of transport of raw materials and the 
prejudices previously referred to, gradually exhausted the company’s 
resources, and in 1871 Bolckow, Vaughan and Co., Ltd., of Middles- 
brough bought the works from the liquidators. 

Victoria Steel Works as Remodelled by Richard Thomas and 
Company, Limited. (Iron and Coal Trades Review, 1938, vol. 137, 
Sept. 2, pp. 353-367: British Steelmaker, 1938, vol. 4, Sept., 
pp. 300-319). A comprehensive description is given of the blast- 
furnace, steel-making, rolling-mill, coke-oven and by-product plants 
of Richard Thomas and Co., Ltd., at Ebbw Vale. The continuous- 
strip mill for the manufacture of sheets at these works is the first 
plant of this kind to be laid down in Great Britain. (See p. 359 4). 

Twenty-First Open-Hearth Proceedings. (American Institute of 
Mining and Metallurgical Engineers, 1938, Apr. 20, 21 and 22). 
The discussions at this conference were divided into seven groups, as 
follows: (1) Furnace repair and maintenance; (2) equipment ; 
(3) pit practice; (4) open-hearth steelmaking; (5) furnace con- 
struction and design; (6) fuel consumption; and (7) slag control. 
The breaking up of slag with carbon-dioxide bombs, furnace- 
bottom temperature gradients and the use of magnesite for repairs 
to furnace bottoms, were dealt with. Other subjects discussed 
were the history and use of welded ladles, the present status of 
carbometers and the use of a carbon/silicon-carbide thermocouple 
for measuring furnace temperatures. A paper was read by W. A. 
James entitled “ The Development of the Iron and Steel Industry 
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on the Niagara Frontier” (see also Mining and Metallurgy, 1938, 
vol. 19, June, pp. 275-280; see p. 283 4). E. J. Kauffmann dealt 
at some length with the subject of ingot-mould design as affected 
by strip-steel practice. Among other aspects of steelmaking 
practice discussed by various authorities were the use of Lunkerit 
and Lapix compounds, gases in rimming steel and the structure of 
rimming steel ingots, and the control of grain size. 

Notes on Open-Hearth Steelmaking. P.W.Wood. (Proceedings 
of the Cleveland Institution of Engineers, 1937-38, No. 3, pp. 121- 
142). After describing briefly the principles of the acid and basic 
open-hearth processes, the author goes on to give an account in 
more detail of the furnaces and some of the experience gained at 
the works of the Consett Iron Co., Ltd. With regard to furnace 
design, he explains the unusual construction of the port ends as 
used at Consett, where it was decided to construct air ports alongside 
as well as over the gas ports, as this was found to relieve the wear on 
the linings and on the air-port roofs which was prevalent in the 
earlier design. At the ingoing end, the air brought in by the side 
ports acts as a cushion between the flame and the linings, and at 
the outgoing end they draw the exhaust gases down from the roof. 
The company is making its own silica bricks, but finds that their 
life in port-blocks and linings is short compared with basic bricks 
made of high-grade chrome-magnesite mixtures when water-cooling 
is employed. The author states that the use of basic bricks is 
becoming increasingly popular, and a few furnaces in England and 
on the Continent are now roofed entirely with chrome-magnesite 
bricks. Turning to ingot moulds, he declares that moulds con- 
taining a fairly high percentage of manganese are the most promising 
as regards durability, and some containing over 1-:25°% of man- 
ganese have given 50% greater service than those with only 0-80% 
of manganese. Irons alloyed with chromium, nickel, vanadium 
and titanium have been tried, but show little or no advantage. 
Phosphorus up to 0-15% seems to be beneficial. In his concluding 
remarks on the efficiency of steelmaking plant, the author refers to 
the advantages of the Morgan gas machine as compared with the 
static gas producer, stating that at Consett they obtain 10 more 
B.Th.U. per cu. ft. from the same coal with the former than with 
the latter. 

Open-Hearth Control. M. J. Bradley. (Steel, 1938, vol. 103, 
Aug. 29, pp. 34-36, 60). The author describes the improved 
methods of open-hearth furnace control now common in American 
practice, and shows how these have been made possible by the use 
of automatic temperature, pressure and gas/air ratio control. In 
particular he points out the saving in fuel consumption which has 
been realised at some works where the gas-reversing sequence is 
started automatically by temperature conditions within the furnace. 

The Construction and Life of Large Tilting Open-Hearth Furnaces. 
S. Sapiro. (Stal, 1938, No. 2, pp. 25-34). (In Russian). In this 
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article data are given concerning the life of the various parts of the 
lining of several 300-ton capacity tilting open-hearth furnaces at the 
Azovstal Works. Improved wear resistance was obtained as a 
result of a reconstruction during which the more important changes 
included the increase in the angle of inclination of the front and rear 
walls from 10° to 25° to the vertical and the raising of the roof of 
the furnace by 850 mm. as well as the fitting of a new type of gas- 
burner nozzle. 

The Planned Operation of Open-Hearth Furnaces. M. Khalif 
and T. Koval. (Stal, 1938, No. 2, pp. 14-21). (In Russian). 
The documentary side of drawing up a plan for the operation of an 
open-hearth furnace is dealt with. ‘The main plan covers the whole 
period of operation (150 heats) from one complete overhaul to 
another. Subsidiary and more detailed plans are drawn up during 
operation to cover 5-day periods and 24-hour periods, as well as 
servicing and accessory operations before and after the tapping of 
heats. In addition, the authors give specimens of forms, chits and 
similar documents which have to be filled in by the responsible 
personnel. These provide a record of the actual operating character- 
istics of the furnace. 

The Technological Production of Refractory Floating Mould- 
Tops. L. Zilberfarb. (Stal, 1938, No. 3, pp. 21-24). (In Russian). 
Refractory mould-tops are used to prolong the time during which the 
steel remains liquid ; owing to the lower thermal conductivity of the 
refractory material, the liquid steel feeds the lower solidifying part 
of the ingot and thus reduces the depth of piping. A brief descrip- 
tion is given of the manufacture of these mould-tops at a special 
works in Russia, reference being made to the clays and other raw 
materials entering into their composition ; the preparation, design, 
moulding and firing of the mould-tops, with, in conclusion, some 
details regarding the application of these mould-tops and advantages 
arising therefrom, are dealt with. 
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(Continued from pp. 213 a-215 a) 


New Furnaces for Heating Ingots and Billets for Forging. (Steel, 
1938, vol. 103, July 18, pp. 42-43). A description is given of three 
gas-fired furnaces installed at the works of the Columbia Tool Steel 
Co., Chicago Heights. The interesting features of these furnaces 
are the improved combustion-chamber and the method of control. 
A definite relationship has been established between the volume of 
flue products and the chamber-size necessary for the complete 
reaction between the air and gas. Constant combustion is made 
possible by two factors: The availability of the supply of natural 
gas of uniform heating value, and the combustion of this gas at 
positive pressures with a uniform and predetermined air supply. 
The use of continuous gas analysers and recording pyrometers 
enables very exact control of the furnace to be maintained. 

Controlled-Batch-Type Reheating Furnaces for Ingots or Blooms. 
L. R. Kells. (Industrial Heating, 1938, vol. 5, Aug., pp. 712-716, 
723). A description is given of three furnaces for reheating ingots 
recently installed at the works of the Rotary Electric Steel Co., 
Detroit. These are oil-fired furnaces with four doors to each. 
To provide flexibility, each furnace is divided into two separately 
fired and controlled chambers, measuring 16 ft. long by 9 ft. deep, 
with doors 5 ft. 6in. wide. Five ingots can be charged through each 
door, making ten ingots to a chamber. The ingots are 14 in. 
square and 70 in. long. About 75% of the steel is charged hot, and 
the remainder cold. The production rating is 3 tons per hr. per 
chamber. 

Circular Ingot-Heating Furnaces. L. R. Kells. (Iron and Steel 
Engineer, 1938, vol. 15, July, pp. 18-28: Iron and Coal Trades 
Review, 1938, vol. 137, Aug. 12, pp. 241-242). The author describes 
the development and recent improvements to the design of circular 
ingot furnaces, with numerous illustrations of English and American 
installations. The requirements dictated by the fuel used are dis- 
cussed, and in the concluding part the control instruments and costs 
are dealt with. 
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FORGING, STAMPING AND DRAWING 





(Continued from pp. 216 a—219 a) 


A Heavy Horizontal Forging Machine. (Iron and Steel Industry, 
1938, vol. 11, July, pp. 535-536). A description is given of a new 
horizontal forging machine recently installed by the Ford Motor 
Co. It has an upsetting pressure of 2000 tons and will take bars up 
to 74 in. in diameter. Instead of being driven through gears and a 
disc clutch, as is usual with this type of machine, the 85-h.p. motor is 
carried on a heavy bracket and the drive is by a V-belt. ‘To prevent 
damage due to excessive load, the main crank operating the side 
die is provided with a special design of safety spring operating 
through offset leverage. The spring returns to normal immediately 
the excess load is relieved, so that the working of the machine is 
not interrupted, as it would be if safety breaker-bolts were used. 

The Drop Hammer Gives Aircraft a Lift. F.H. Rohr. (Machin- 
ist, 1938, vol. 82, Sept. 10, pp. 714-717). The use of the drop 
hammer in the production of aeroplane-wing and fuselage parts 
from steel and aluminium-alloy sheet at an American aircraft 
factory is described. 

Outline of the Manufacture of Ship’s Chains. A. Caulle. (Arts 
et Métiers, 1938, vol. 92, Jan.—Feb., pp. 14-16; June, pp. 46-49; 
July—Aug., pp. 68-72). The author presents an introductory 
passage on the origin and uses of chains and on their manufacture 
in the time of the craftsmen’s guilds, and then passes on to a de- 
tailed study of ship’s chains, their uses, the material (wrought iron) 
from which they are made, the testing of the material prior to the 
fabrication of the chain, the forging of the links, the manufacture 
of stud link chains and the electric welding of links. In the con- 
cluding part of his paper he considers the wear of chains in service 
and their corrosion by sea-water. 

Novel Stamping Setup. J. F. Hughes. (Steel, 1938, vol. 103, 
Aug. 29, pp. 46-48). The author describes the layout of the 
stamping machinery of the De Soto division of the Chrysler Corpor- 
ation works at Detroit. This division is devoted entirely to the 
production and assembly of stamped steel parts, including fenders, 
radiator shells, hood tops, hood sides and a variety of brackets and 
reinforcing strips required for the bodies and chassis of Chrysler 
motor-cars. 

Pressure Machining. (Steel, 1938, vol. 103, Aug. 8, pp. 54-55). 
This article briefly describes the ‘“ Cold-flo” process of making 
various small metal parts using high-pressure die-presses. The raw 
material for this process is usually a thick blank cut from a stock 
bar, and this is made to flow in the cold state under extreme pressure 
to fill the contours and cavities of the die. 
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Low-Carbon Sheet-Steel for Deep-Drawing. Ya. S. Golombik. 
(Kachestvennya Stal, 1937, No. 4, pp. 22-27). (In Russian). The 
author summarises the conditions which deep-drawing quality sheet 
steel must satisfy with regard to dimensional tolerances and 
mechanical properties, and mentions some of the peculiarities of 
sheet steel which may lead to unsatisfactory behaviour during deep- 
drawing, at the same time dealing with tests designed to estimate 
the deep-drawing qualities. 

Woven-Wire Products. R. M. Richter. (Wire and Wire 
Products, 1938, vol. 13, Aug., pp. 397-398, 419). A description is 
given of the works and processes of the California Wire Cloth 
Corporation. Natural gas is now used at these works for all processes 
requiring heat, and highly satisfactory results have been obtained 
with it. 

Manufacture of Spring Wire from Low-Carbon Steel. H. Wiescke. 
(Wire and Wire Products, 1938, vol. 13, July, 355-359, 378-379 ; 
Aug., pp. 406-410, 420). The author presents in two parts a study 
of the hardening properties of low-carbon steel (0-10% and below) 
and the adaptability of such steel for the manufacture of spring wire 
and wire products. In the first part the manufacture of the spring 
rods is discussed with particular reference to the technique of 
quenching in water. In the second part the author shows that the 
widely held belief that basic open-hearth steel is unsuitable for 
spring-wire manufacture is erroneous, and he concludes by discuss- 
ing how to attain uniform hardness and tensile properties in the 
product. 

Getting the Most out of Cold-Heading Dies. F.R. Palmer. (Iron 
Age, 1938, vol. 142, July 21, pp. 30-32). The author presents a 
detailed study of the factors affecting die life. He describes methods 
of pre-loading dies to increase their useful life, and discusses the 
various types of die failure and how they may be overcome by 
proper heat treatment. In the concluding part the author discusses 
the factors in steelmaking which cause apparently similar bars to 
harden to different degrees of depth when subjected to identical 
heat treatment. 

Carbides for Coil Winding. G. H. Snyder. (Machinist, 1938, 
vol. 82, Aug. 13, pp. 647-648). The author discusses some applica- 
tions of sintered carbide, in particular its use for dies for wire- 
drawing and for the coiling bumpers in coil-spring manufacture. 
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ROLLING-MILL PRACTICE 





(Continued from pp. 287 a-288 a) 


A Study of the Application of a New Method of Rolling Rails. 
M. F. Daussy. (Fourth International Rail Congress, 1938, Session 
V., Paper No. 2). The author describes a new process of rolling 
which is designed to prevent the existence in the finished rail of 
those defects which may arise during the cooling of a steel ingot. 
The zones in which these defects occur are, first, a thin zone of 
globular structure containing blow-holes which give rise to cracks, 
and, secondly, a columnar zone in which the crystals lie perpen 
dicularly to the cooling surface of the ingot, which state thus permits 
the development of the cracks which originated in the first zone. In 
the new rolling process, which is the subject of this paper, the 
globular zone in the centre of the foot of the rail is destroyed, the 
thickness of the columnar zone in this region is considerably reduced, 
and the orientation of the crystals is changed so that they lie 
parallel to the surface of the foot, and they therefore prevent the 
blow-holes from developing into cracks. The rail profile after each 
pass is illustrated, and the author shows that it is possible to roll a 
rail without any defects in the foot in a steel which is not completely 
deoxidised. With rails rolled by the old process there were 2:25% 
rejects due to cracks in the foot as shown by the standard drop test, 
whereas after 9000 tests on 26,000 tons of rails rolled by the new 
process, not a single fracture due to this cause has been discovered. 
A New Metal-Rolling Process, Its Theory and Operation. F. R. 
Krause. (Iron and Steel Engineer, 1938, vol. 15, Aug., pp. 16—29). 
A description is given of the Krause cold-rolling strip mill which 
has been operated experimentally at Ellwood City, Pennsylvania. In 
this mill the rolls and housing are given a horizontal reciprocating 
movement by an electrically-driven crank and connecting-rod. 
The bar is held in an hydraulic clamp while the rolls move over it 
on the working stroke. At the end of the stroke the rolls open and 
return to the starting position; at the same time the clamp is released, 
and the baris moved forward and reclamped, which completes the cycle 
of operations. The speed range is from 60 to 120 cycles per minute. 
Data respecting work done by this mill show that the length of 
strip rolled per cycle is 1 in. when reducing a section 12 in. by 
0-134 in. down to 0-028 in. and 1-9 in. when reducing a section 3 in. 
by fin. to 0-025 in. The power requirements of this mill are claimed 
to be exceptionally low. A mathematical discussion and explanatory 
diagrams showing the action of the mill together with tabular data 
of its performance are included. 
The Spread of the Metal when Round Steel Wire is Rolled Fiat. 
A. Pomp, H. Héhle and W. Lueg. (Stahl und Eisen, 1938, vol. 
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58, Sept. 1, pp. 937-943). The effect of different conditions of rolling 
upon the spread of the metal when round wire is cold-rolled was 
investigated by the authors, the research including steels of different 
analysis and structure produced by different processes. They found 
that the width increases with the thickness as well as with increased 
diameter of the rolls. The carbon content and the structure have 
practically no effect upon the spread. Lubricating the wire and 
the roll surfaces causes a decrease in spread. The number of passes 
and their sequence have only a slight effect upon the increase in 
width. On testing the validity of the handy formula often used to 
determine the final diameter of rolled wire [diameter = 0-5 (width + 
thickness) | they found that in some cases it applied quite accurately, 
while in others it did not. A number of diagrams are also repro- 
duced, from which it is easy to determine accurately the diameter 
of the wire to use as a raw material in order to roll flat wire of given 
dimensions. The method of using these diagrams is explained in 
the concluding part of the paper. 

Increasing the Reduction Efficiency in the Rolling of Special 
Steels at Zaporozhstal. Z. Epshteyn. (Stal, 1938, No. 2, pp. 
46-54). (In Russian). Some experiments on the use of a 750-mm. 
diameter cogging-mill for the rolling of square blooms from 340-mm. 
square ingots instead of 300-mm. square, as before, are reported 
upon. The mill is used for the rolling of high-carbon, silicon, 
chromium and chromium-nickel steel ingots. The dimensions of 
the recalibrated rolls are given. Examination of some roll fractures 
showed that these were due to faulty material, and that it would be 
preferable to use forged alloy instead of forged plain carbon steel rolls. 

The Multiplicity of Factors which Influence Rolling Processes. 
L. Weiss. (Zeitschrift fiir Metallkunde, 1938, vol. 30, June, pp. 
185-191). In this mathematical discussion the author considers 
the power requirements, pressures, friction losses and capacities of 
rolling-mills. Some results obtained in the rolling of copper are 
applied to other metals. He points out the necessity of knowing 
the speed at which the material is moving between the rolls, and 
describes a simple instrument by which this can be measured. 

D. C. Power Supply for Steel-Mill Applications. W. B. Snyder 
and C. C. Herskind. (Iron and Steel Engineer, 1938, vol. 15, Aug., 
pp. 44-52). The authors discuss the methods of converting 
alternating to direct current for supplying the D.C. requirements 
of steel mills. They divide the power systems into three classes : 
(1) The 250-V. plant distribution system for supplying cranes and 
auxiliary drives; (2) the system supplying power to a mill with a 
large number of D.C. motors; and (3) the system which supplies 
power to one or more reversing motors, such as those which drive 
blooming or slabbing mills. The plant needed to meet the require- 
ments of these systems is discussed with particular reference to the 
mercury-arc rectifier, the construction, theory and characteristics 
of which are described in detail. 
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Electromagnetic Reversing Clutch for Rolling-Mills. N. Sheftel. 
(Stal, 1938, No. 3, p. 54). (In Russian). In this rolling-mill drive 
the reduction gear drives two similar and loose gear-wheels in 
opposite directions on the driving-shaft of the rolling-mill. Both 
gear-wheels carry electromagnetic coils which can attract a solid 
disc capable of sliding longitudinally along the driving shaft. The 
disc, however, is not free to turn on the shaft. The latter is 
therefore made to rotate in the same direction as the gear-wheel to 
which the disc is attracted. Reversal is effected by switching off 
the current in one set of coils and switching it on in the coils carried 
by the other gear-wheel. The device enables reversing-mill drives 
to be fitted with a fly-wheel, and thus considerably reduces (up to 
50%) the energy consumption. 

A Comparison of Costs of Various Methods of Producing Air for 
Scavenging Gas Engines. W. A. Giildner. (Stahl und Eisen, 1938, 
vol. 58, Sept. 22, pp. 1034-1037). With the increased demand for 
steel from the German rolling-mills, it has been found necessary to 
increase the capacity of their electric power-stations. When these 
are driven by gas engines, it has in some cases been found economical 
to increase their efficiency by scavenging. In this paper the author 
discusses how to estimate the cost of producing compressed air for 
this purpose. 

The Solution of Rolling-Mill and Steel-Works Bearing Problems. 
W. P. Snedden. (Journal of the West of Scotland Iron and Steel 
Institute, 1938, vol. 45, Mar., pp. 83-100). After reviewing the 
development of bearing equipment for rolling-mills which has taken 
place during the past fifteen years, the author considers the 
principles of design incorporated in tapered roller bearings, some 
methods of calculating the loads likely to obtain between rolls for 
required reductions in section, the uneven deflection of rolls in two- 
high mills equipped with plain bearings and the bearing mountings 
for several types of mills. In the concluding part of his paper he 
discusses the advantages of using tapered roller bearings for sheaves 
in hook blocks and in ingot trucks. 

The Causes of Rejects in Tube Production on the Stiefel Equip- 
ment. O. Plyatskovskiy. (Stal, 1938, No. 2, pp. 57-65). (In 
Russian). The Stiefel equipment for the production of seamless 
tubes consists of a disc-type piercing machine, an automatic tube 
rolling-mill, a reeling machine, and calibration and reduction 
machines. An exhaustive illustrated discussion with some experi- 
mental data is given of the various forms of defects and their 
causes in the various stages of production. 

New 46-Inch Blooming-Mill Has Six Lubricating Systems. (Steel, 
1938, vol. 103, Sept. 12, p. 49). The 46-in. reversing blooming-mill 
at the works of the Great Lakes Steel Corporation has six lubricating 
systems. The first two of these supply grease through an automatic 
valve tripper at regulated intervals to the mill proper, the manipu- 
lator, shear, roll balance and the feed rolls. The third system 
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supplies oil to the gears and bearings on the pinion stand. The 
fourth system is for the lubrication of the screw-downs. The fifth 
lubricates the slab shear depressing-table and the slab shear gauge 
and the sixth system supplies oil to the line shaft and the roller 
drives for the tables. 

Keeping the Steel Rolling. T.J.Kauffeld. (British Steelmaker, 
1938, vol. 4, Sept., pp. 297-299). A description is given of the 
lubricating systems, the method of hydraulic descaling, the roll 
contour control system and the palm-oil distribution system in use 
at the new Ebbw Vale Works of Richard Thomas and Co., Ltd. 
(See p. 350 4). 

Some Applications of an Accelerated Test for Determining the 
Chemical Stability of Lubricating Greases. F. L. Wright and H. A. 
Mills. (American Society for Testing Materials, 1938, Preprint No. 
94). An accelerated oxidation test developed to select and grade 
lubricating greases for chemical stability has been applied to the 
study of a number of conditions frequently met with in service. 
The test has been found of value in predicting the effects on grease 
stability caused by temperature changes, contact with metal 
surfaces or with other materials such as graphite, zinc oxide or 
air-borne dirt, the introduction of reinforcing agents and oxidising 
inhibitors, and the presence of moisture. Most of the work reported 
has been done on typical ball-bearing greases of the soda-base type 
containing small amounts of lime soap. Data are presented showing 
that accelerated oxidation tests may be expected to provide useful 
information on lime- and aluminium-base greases and on gear 
greases. The accelerated test is not intended to take the place of 
service tests, but may be found useful in the selection from a larger 
group of the more promising lubricants for such tests. It provides 
a means of focusing attention on definitely controlled variables 
concerning a particular problem. Satisfactory correlation is 
reported between accelerated tests and service tests, in that both 
methods classify greases in the same order. The reliability of the 
accelerated test is further substantiated by the close agreement of 
the results with well-known chemical hypotheses. To obtain good 
agreement it is necessary to oxidise at temperatures which show 
differences in a time period of 100-500 hr. rather than at a 
temperature which would cause a rapid breakdown. The selection 
of reinforcing and inhibiting materials to improve lubricating 
greases will be aided materially by the application of the accelerated 
test procedure to this problem... 

No Back-Tracking. H.W. Lynn. (Steel, 1938, vol. 103, Aug. 
29, pp. 38-39). A description is given of the recently improved 
sheet mill of the Reeves Steel and Manufacturing Company. The 
new equipment at this works includes a gas producer unit, a three- 
high mill, automatic shearing unit, vertical radiant tube annealing 
covers, galvanising equipment, mechanical tables, conveyors and 
hot mill polishers. 
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Hot-Rolled and Cold-Reduced Motor-Car Body Sheets are Com- 
pared. E. Marks. (Sheet Metal Industries, 1938, vol. 12, Sept., 
pp. 1028-1030). The author discusses the recently developed cold 
reduction methods of producing sheets. These can be produced in 
two ways: (1) On a continuous hot-cold wide strip mill; and (2) 
by hot-rolling on mechanised hot mills down to 16 gauge, followed 
by normalising and cold reduction down to 20-22 gauge. The 
second method is more adapted to suit British requirements. The 
two main points of difference between hot-rolled normalised and 
cold-reduced sheets are the microstructure and surface finish. Inthe 
case of normalised sheet, the complete recrystallisation which occurs 
in passing through the A, point renders the grain formation com- 
paratively small. The two factors controlling the grain size are the 
composition of the steel and the speed of cooling in the normalising 
furnace. The time of holding above 900° C. has no influence within 
wide limits. In the concluding part of his paper the author shows 
how the degree of polish or matt texture of the surface of a steel 
sheet can be controlled by the surface preparation of the cold rolls 
used for the final skin pass after annealing. 

The Eastwood Rolling-Mills : Electric Furnace and Mill Equip- 
ment. (Fuel Economist, 1938, vol. 14, Sept., pp. 306-308). This 
account of a new mill and equipment at Rotherham for making 
bright rolled stainless-steel strip includes descriptions of the 
Grunewald electric furnaces handling 24-in. dia. cold-rolled coils, the 
automatic heat control equipment and the use of partially burnt 
town’s gas for the artificial atmosphere for bright-annealing. (See 
p. 144 4). 

Adds 44-Inch Strip-Mill. (Steel, 1938, vol. 103, Sept. 5, pp. 
36-39). A description is given of a new continuous strip-mill 
recently installed by the Inland Steel Co., Indiana Harbor. This 
mill operates end-to-end with the present 76-in. mill, and it has a 
maximum delivery speed of 2200 ft. per min. and a production 
capacity of 540,000 tons per annum. 

How Stainless-Steel Strip is Rolled. (Sheet Metal Industries, 
1938, vol. 12, Oct., pp. 1109-1112). A description is given of the 
new rolling-mill plant installed by Darwins, Ltd., Sheffield, which 
will produce all types of stainless-steel strip from } in. to 12 in. wide. 

Republic Steel Corporation’s New 98-in. Continuous Hot and Cold 
Strip-Mill, Cleveland, Ohio. (Iron and Steel Engineer, 1938, vol. 15, 
Sept., pp. R1-R18). Claimed to be the Largest, Fastest, Most 
Modern Strip-Mill. (Sheet Metal Industries, 1938, vol. 12, Oct., 
pp. 1116-1119). A description is given of the 98-in. strip-mill which 
was put in operation this year by the Republic Steel Corporation, 
Cleveland, Ohio. (See p. 143 4). 
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Light Cases. V. T. Malcolm. (Transactions of the American 
Society for Metals, 1938, vol. 26, Sept., pp. 743-750). This paper 
describes in brief the various mechanisms that require light cases. 
It points out the necessity of determining from the engineer’s stand- 
point the necessary qualities required in case-hardened mechanisms, 
and describes methods for obtaining and reporting this information. 

Variables that affect the measurement of hardness and the 
variation in instruments are discussed. Methods for measuring case 
depth are given and instruments for the determination of brittleness 
and impact properties are described. 

A general requirement for light case-hardened steel is given, 
together with the methods for producing light cases. Finally the 
results obtained with the Chapmanising process on gears made 
from several steels are described. 

Liquid-Bath Carburizing. B. B. Beckwith. (Transactions of 
the American Society for Metals, 1938, vol. 26, Sept., pp. 752-759). 
Liquid-bath carburising in the form of sodium cyanide for surface 
hardness has been used for a long time. Activated cyanide baths 
which increase the rate of penetration have become popular. This 
article shows what depth of case can be expected for different 
temperatures and different times. It also records the hardness 
obtained on four different scales of the Rockwell tester on the same 
piece. 

The Process of Dry Cyaniding. R. J. Cowan and J. T. Bryce. 
(Transactions of the American Society for Metals, 1938, vol. 26, 
Sept., pp. 766-787). The processes of continuous nitriding and 
continuous gas carburising have been combined to produce a case 
in many respects similar to a cyanide case. The results obtained 
with different steels by various modifications of the process are 
presented in a series of micrographs and charts. The development 
of the process is briefly described, and there is some discussion on 
the results obtained. 

Production Carburizing. E. F. Davis. (Transactions of the 
American Society for Metals, 1938, vol. 26, Sept., pp. 607-640). 
The initial part of this paper is devoted to the history of carburising, 
showing that cementation as exemplified in the Harveyising process 
was a development of methods practised by the ancients. Good 
evidence from metallographic tests of Egyptian implements and 
reports of mediaval practices by various writers are quoted to 
demonstrate that early workers in iron utilised this means of im- 
parting carbon to steel, and that it was in common use during the 
Middle Ages. 
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The less refined methods in vogue when the automobile industry 
was young are cited. The article then shows chronologically the 
gradual improvements in the practice which have affected the 
quality and costs of the process, such as the change from coal-fired 
to oil- and gas-fired furnaces, the advent of the pyrometer, the 
elimination of manual control, the rise of scientific supervision, the 
development of carburising compounds, the influence of heat- 
resisting alloys and the factors which brought about the mechanised 
furnace. The construction and operation of some of the modern 
installations are given in detail. Other items affecting carburising 
costs are also included in this paper. 

A Study of Commercial Carburising Containers. R. W. Roush 
and A. C. Dames. (Transactions of the American Society for 
Metals, 1938, vol. 26, Sept., pp. 646-679). This paper describes 
briefly the evolution of the carburising container from the original 
heavy cast-iron type to the modern individual-unit type using shaped 
containers of heat-resisting alloys designed to reduce the insulating 
effect of the compound toa minimum. This results in an important 
reduction of the time of heating, and ensures improved uniformity 
of temperature throughout the work. The various types of alloys 
used for carburising containers are indicated and the factors which 
influence their service life are discussed. The importance of 
scientific container design is stressed, as well as the importance of 
factors commonly overlooked, such as furnace design, refractories 
and fuels. 

Examples are shown from practice, indicating what can be done 
in designing containers which conform closely to the shape of the 
charge in compound carburising. There is a brief discussion of 
retorts for gas carburising furnaces as well as containers for liquid 
carburising. 

The Physical and Chemical Characteristics of Carburising Com- 
pounds and their Handling in Production. 8. L. Widrig. (Trans- 
actions of the American Society for Metals, 1938, vol. 26, Sept., pp. 
687-693). This paper discusses the various types of solid car- 
burising compounds and the materials of which they are composed. 
The compounds consist of three principal constituents, namely, 
charcoal, binder and energiser. In a good compound each con- 
stituent is carefully selected to serve its specific purpose in the most 
economical and efficient manner. 

The importance of the good adhesion of the energising agent to 
the base charcoal is particularly stressed. The proper proportion of 
energiser to charcoal must be maintained if good results are to be 
obtained. 

It is pointed out that poorly designed conveying systems and 
excess screening or dusting result in high energiser loss. Energiser 
lost in handling must be replaced by additions of new compound in 
order to maintain a proper balance. 

Parts to be box-quenched are most economically carburised in 
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certain types of compound which are slow-burning when exposed to 
air at elevated temperatures. 

Commercial Gas Carburising. L. D. Gable and E. 8. Rowland. 
(Transactions of the American Society for Metals, 1938, vol. 26, 
Sept., pp. 706-734). This paper reviews the development of gas 
carburising from its beginning to the present day, and discusses 
modern practice in this art. Commercial installations for gas 
carburising are described in detail from the standpoint of the 
various gases used and information is given regarding their opera- 
tion. Variables affecting the case depth and the character of the 
case are discussed, and recommendations are made regarding 
commercial limitations in the control of these variables. 

New Heat-Treatment Department at Bristol Aeroplane Co., Ltd. 
(Machinery, 1938, vol. 52, Aug. 25, pp. 637-639). A description is 
given with numerous illustrations of the equipment of the heat- 
treatment department of the Bristol Aeroplane Co., Ltd. The 
department is organised in four main sections: Carburising, re- 
fining and hardening ; hardening in cyanide baths; tempering and 
annealing ; and nitriding. 

Heat Treatment of Die Blocks. T. A. Ledin. (Iron Age, 1938, 
vol. 142, Aug. 25, pp. 41-43). The author describes the furnaces 
used for the heat treatment of die blocks at the works of A. Finkl 
and Sons Co., Chicago. The hardening furnaces are of the semi- 
muffle, gas-fired, box type, and are automatically controlled. On 
removal from these furnaces the blocks are water-quenched, and 
transferred to one of three Cyclone tempering furnaces. These are 
of the vertical pit type which this company has found to be superior 
to the box type, as the blocks are more easily handled, and they 
have the advantage of saving floor-space. These furnaces have a 
separate combustion chamber behind the heating chamber. They 
are gas-fired and the temperature is controlled to within 5° F. by 
a potentiometer controlling instrument. 

Quantity Production. W. G. Bain. (Steel, 1938, vol. 103, 
Sept. 5, pp. 56-58). A description is given of the new automatically 
controlled carburising units used by the Allis-Chalmers Manu- 
facturing Co., Springfield. The length of the inside of the cast- 
alloy muffle is 44 ft. The units operate on a 15 hr. cycle and have a 
throughput of 450 lb. per hr. 

Reactions to Annealing Above the Eutectoid Temperature of 
Quenched Hypereutectoid Steels. C. R. Austin and M. C. Fetzer. 
(American Society for Metals, Oct. 17-21, 1938, Preprint No. 3). 
The authors describe an investigation of the reactions of hyper- 
eutectoid steels to prolonged annealing at temperatures ranging 
from slightly above the eutectoid inversion point to a point above the 
limit of complete solubility of all the carbon present in the steels. 
The factors considered relate chiefly to graphitisation, the nature 
and distribution of excess carbides, the columnar structure of 
ferrite grains occurring during surface decarburisation, and the 
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fracture grain size of the steels obtained on quenching the annealed 
specimens. In contrast with the behaviour below the critical tem- 
perature, graphitisation above the critical temperature has been 
shown to be related to the chemical analysis of the steel. The 
higher the metallic aluminium content, the greater is the reluctance 
of the steels to develop a coarse grain. The tendency to form a 
columnar ferritic structure which occurs during decarburisation has 
been shown to be related to the grain-growth in the adjacent 
austenite. 

Mechanical Handling of Packing Material Cuts Malleable Cycle. 
D. R. James. (Iron Age, 1938, vol. 142, Aug. 25, pp. 32-33). 
A brief description is given of the conveyors and machinery used for 
packing small castings with gravel in the annealing pots, for separat- 
ing the gravel, preparing it for re-use and for cleaning the castings 
at the malleable foundry of the Eberhard Manufacturing Co. 

Atmosphere Control in Annealing Malleable Iron. E. G. de 
Coriolis and R. J. Cowan. (Transactions of the American Foundry- 
men’s Association, 1938, vol. 46, Sept., pp. 1-13). A review of 
malleable annealing practice reveals the importance of surrounding 
the castings with materials of suitable composition. These function 
by controlling the atmosphere which surrounds the metal. This 
atmosphere is usually so active as to cause decarburisation, so 
that the annealing rate is retarded particularly at the decarburised 
edges. This causes white pearlitic rims on the castings. By the 
external generation of the atmosphere, a wide range of gas com- 
positions is made available with which to surround the castings 
during annealing. A discussion of fundamental principles indicates 
the applicability of these ideas to malleable annealing and their use 
for the prevention or retardation of decarburisation. The proper 
use of such atmospheres reduces the annealing time considerably. 
The operation of two types of apparatus, one an intermittent and 
the other a continuous furnace, is described. 

Scale-Free Hardening of Screw Products. (Iron Age, 1938, vol. 
142, Aug. 25, pp. 34-35). An electric heat-treatment furnace is 
described in which parts varying from } in. in dia. by 3 in. long to 
fin. india. by 12 in. long are produced to a required uniform hardness 
without the formation of scale. The necessity for pickling or rolling 
the threads after hardening has been eliminated by the use of this 
furnace. Maximum production is obtained by placing loads of a 
predetermined weight in the furnace at exact intervals. This is 
done by reference to a chart which takes into consideration the 
weight of the parts loaded on the standard-length tray loader, the 
speed of the conveyor and the time required for the conveyor to 
move a certain distance within the furnace. 

Selective Hardening with the Oxy-Acetylene Flame. R. L. Rolf. 
(American Society for Metals, Oct. 17-21, 1938, Preprint No. 2). 
The author describes the equipment for and technique of the process 
of hardening by means of the oxy-acetylene flame. 
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Hard Ways. (Machinist, 1938, vol. 82, Aug. 27, pp. 682-683). 
The system of flame-hardening adopted by the Monarch Machine 
Tool Co. for hardening the ways of machine-tool beds is here de- 
scribed. The machine for doing this consists of a large tank and a 
travelling carriage. Lathe beds up to 14 ft. long can be immersed 
in water in the tank so that only the way surfaces are exposed. The 
travelling carriage moves the heating torches and quenching nozzles 
from one end of the tank to the other at a predetermined rate. 
Cold water is circulated continuously through the tank during the 
flame-hardening operation to minimise distortion of the bed under 
treatment. 

The Mechanism of Tempering, in Particular that of Flame- 
Tempering. (Génie Civil, 1938, vol. 113, Oct. 1, pp. 290-291). In 
this article explanations are given of the changes of structure which 
occur in steel during the process of tempering. This is followed by 
descriptions of the equipment required for rapid tempering and for 
gradual tempering by means of the oxy-acetylene torch. 

The Softening Rate of a Steel when Tempered from Different 
Initial Structures. E. H. Engel. (American Society for Metals, 
Oct. 17-21, 1938, Preprint No. 1). This paper describes the soften- 
ing characteristics of a steel containing carbon 0-94°, and manganese 
0-40% after being heat-treated to four different conditions of 
structure and then tempered for periods ranging from 2 sec. to 22 hr. 
at temperatures of 600° 900°, 1050°, 1200° and 1300° F. It was 
found that the larger the size of the carbide particles in the initial 
structure, the lower is the rate of softening during tempering. At 
any given temperature the coarse lamellar structure softens most 
slowly, and after short times at the higher temperatures this 
structure is even slightly harder than the martensite similarly 
tempered. At the lower temperatures the difference in hardness 
(in terms of Brinell numbers) between martensite and “ bainite ” is 
nearly independent of the tempering time after a brief initial period. 
At the higher temperatures the four tempered structures approach 
a common hardness which gradually decreases with increased 
tempering time. Bainite is an acicular, dark-etching product of the 
constant-temperature transformation of austenite at temperatures 
between about 900° and 300° F. 
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The Application of Welding to Pipe Line Construction. F. J. 
Taylor. (Welding Industry, 1938, vol. 6, Sept., pp. 263-267). 
The author presents a survey of various methods by which electric 
welding has been applied to pipe-line work, and shows that economies 
have been affected by so doing. He discusses examples of pipe- 
lines which have been successfully welded in different countries, and 
outlines the principles of their construction. 

The Welding of a High-Temperature, High-Pressure Vessel. T. 
Saito. (Transactions of the Society of Mechanical Engineers, Japan, 
1938, vol. 4, Aug., pp. 269-274). The application of the electric 
welding process to the manufacture of drums for high-pressure and 
high-temperature boilers is discussed. The author stresses the need 
for a standardised method of testing, and suggests the use of a 200- 
400 kV. portable X-ray plant for this purpose. 

Experiments on the Resistance-Welding of Rails. J. E. Langue- 
in. (Fourth International Rail Congress 1938, Session VI., Paper 
o. 4). The author describes an investigation carried out by a 

French railway company in which a number of resistance-welded 
rails were subjected to a destructive impact test by placing them 
across supports 0-5 m. apart and a 300-kg. weight was dropped 
on the joint from heights of from 0-5 to 4:0 m. until they 
fractured. There were great differences in the results; the 
fracture in many cases followed the line of the weld in some 
degree. Similar tests on a number of unwelded used rails also 
showed varying results. An examination of the fractures of welded 
joints broken in this way showed that in some cases there were 
areas which had not fused together, and in others that there were 
oxidised areas. An investigation was carried out to determine the 
causes of these defects, and it was found that: (1) The metal had 
not “upset”? at the end of the welding operation sufficiently 
rapidly to permit the pressure applied to be evenly distributed over 
the whole section as solidification commenced. (2) During the 
preheating process the rail-ends were alternately pressed together 
and pulled apart, which displaced metal particles, thus causing 
holes in the metal which did not always close up in the final welding 
operation. These difficulties were surmounted by fitting hydraulic 
control to the movements of the welding machine, which enabled 
the speed of movement and the upset pressure to be regulated exactly 
as desired. 

Comparative Investigation of Hard Rail Steel Electrically Welded 
Manually and Automatically. D. von Csilléry and L. Péter. (Fourth 
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International Rail Congress, 1938, Session VI., Paper No. 5). The 
authors describe an investigation of resistance-welded rails, some 
containing 0-4% of carbon and 0-7% of manganese and others 0-5% 
of carbon and 1-1% of manganese, also arc-welded rails containing 
0-55% of carbon and 0-9% of manganese. The methods of testing 
included tensile, alternating bending and hardness tests, as well as 
the examination of the structure. The physical properties of the 
resistance-welded joint were almost entirely dependent upon the 
properties of the rail steel. In the case of arc-welded rails, however, 
the properties of the joint could be controlled by those of the filler 
metal and by hot-working after welding. The authors consider that 
the development of an automatic arc-welding process will result in 
an improvement of the properties of the welds, and this is very 
desirable, because their investigation showed that the fatigue 
strengths of the various welded joints tested were only 31-56% of 
that of the unwelded rail. 

Non-Uniformity in the Welding of Rails. F. Benesch. (Fourth 
International Rail Congress, 1938, Session VI., Paper No. 2). An 
ideally welded rail joint is one in which the section and properties 
of the weld are identical with those of the rail. In this paper the 
author compares the macrostructures of welds made by different 
processes with those of the parent metal. The thermit process has 
the disadvantage that the weld metal pours over the rail in an 
overheated state, and this gives the weld the solidification charac- 
teristics of a casting. In resistance welding the metal of the rail- 
ends is decarburised by the overheating in the presence of excess air, 
and, besides this, pressing the ends together disturbs the “ as- 
rolled ” structure. Autogenous and electric welding both offer the 
advantage that there is a choice in the analysis of the filler 
metal, which thus provides a means of controlling the properties of 
the weld. There is, however, no way of controlling the slag with 
autogenous welding, so that slag and oxide inclusions may occur. 
The advantages of the electric arc process are that the slag is easily 
controlled and the coated electrodes have a deoxidising effect. In 
addition, the concentration of heat in a small area ensures good 
penetration, and the amount of the parent metal affected by the 
heat is comparatively small. 

Thermit Welding for Making Long Rails and Jointless Track. 
J. Wattmann. (Fourth International Rail Congress, 1938, Session 
VI., Paper No. 3). The latest thermit welding technique when 
applied to high-carbon steel rails causes the direct fusion of the 
rail-heads, so that the hardness values at the weld differ only very 
slightly from those at other parts of the rail. Additional advantages 
are that little equipment and few skilled men are necessary, and it 
is a process showing great economies in railway work, because it is 
applied in situ, and thus the time and labour of taking up the rails, 
transporting them to and from the workshops and relaying them are 
saved. Profile inserts are put in between the rail-ends when fish- 
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plate joints are to be thermit-welded, and the rails must be properly 
lined up so as to eliminate any hogging or sagging. The disadvan- 
tage of making long lengths of welded rails is the tendency of the 
track to warp at high temperatures and to fracture at low tem- 
peratures. It is therefore desirable first to use a rail steel with a 
high limit of compressive strength, and secondly to secure the rails 
to the sleepers as rigidly as possible. Long lengths of jointless rails 
have so far given excellent service. 

The Development of the Oxy-Acetylene Welding of Rail-Joints. 
R. Diimpelmann. (Fourth International Rail Congress, 1938, 
Session VI., Paper No. 6). Early attempts to make rail-joints by 
oxy-acetylene welding did not develop very far because the problem 
was studied from the constructional more than from the metallurgical 
point of view. The author considers that the simple butt-welded 
joint without fish-plates is the most suitable one to resist the 
alternating bending stresses to which a rail is subjected in service 
because of the uniformity of the stress lines. The availability of 
special welding rods giving a tough joint of high strength, even with 
high-carbon steel, has now enabled satisfactory rail-joints to be 
made by the oxy-acetylene process. Compound steel rails can also 
be welded by this process, using carefully selected rods. The 
alternating bend strength of rails welded by the autogenous process 
was found to be 19 kg. persq. mm., whereas that of a fish-plate joint 
was only about 10 kg. per sq. mm. 

Weight Reduction. F. 8S. Gooding. (Steel, 1938, vol. 66, 
Aug. 22, pp. 51-55; Aug. 29, pp. 43-45). A description is given 
of the production methods employed by the Pullman-Standard Car 
Manufacturing Co., Chicago, in the manufacture of their rolling- 
stock. The automatic spot and seam welding machines are of 
particular interest ; the latter is supplied with A.C. current at about 
35 V. and 900 amp. from a transformer, and it is capable of welding 
#;-in. steel at the rate of 150 ft. per hr. (See p. 300 4). 

What ‘Savoia Marchetti’? Say about Welding in Aircraft Con- 
struction. A. Nepoti. (Sheet Metal Industries, 1938, vol. 12, 
Sept., pp. 1044-1046). In this article the author compares the use 
of duralumin with that of welded steel for manufacturing frames and 
parts for aircraft, and shows why he is strongly in favour of the latter 
material. Some examples of welded-steel frames made by ordinary 
are welding, atomic-hydrogen welding, electric spot welding and 
oxy-acetylene welding are illustrated and discussed. 

The Resistance Welding of Bicycle Tube. (Machinery, 1938, 
vol. 52, Aug. 25, pp. 641-642). A description is given of the Hart 
electric resistance-welding process used in the manufacture of cycle 
frames by the Cleveland Welding Co., Ohio. 

British Standard Specification for Shanks of Electrodes for Spot 
Welding Machines. (British Standards Institution, No. 807-1938). 

Flame-Cutting of Cast Iron. C. H. S. Tupholme. (Foundry 
Trade Journal, 1938, vol. 59, Sept. 15, pp. 203-204). The equip- 
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ment and technique for the cutting of cast iron with the oxy- 
acetylene torch are described. The author refers to a procedure for 
starting the cut in which a steel welding-rod is used instead of 
preheating the surface where the cut is to be started. The com- 
bustion of the steel rod supplies additional localised heat to the 
cast iron, which makes faster starting possible. Ifa tough adherent 
layer of slag forms on the metal in the kerf and prevents further 
oxidation, aluminium shot dropped into the kerf will act as a flux 
to make the slag more fluid, and thus enable the cutting to be con- 
tinued. The article concludes with a description of oxygen-lance 
cutting and a note on some of the precautions to be taken against 
fire. 

Eye Protection in High-Temperature Operations. R. R. Butler. 
(Joint Optical Conference of the Institute of Ophthalmic Opticians 
and the Scottish Association of Optical Practitioners, 1938: Welding 
Industry, 1938, vol. 6, Sept., pp. 283-289). The author discusses the 
question of eye protection in high-temperature operations under 
three headings : (a) The various forms of radiant energy, (b) the effect 
of such radiations on the eye, and (c) the protective properties of 
glass. In the concluding part of the paper the American and 
British standard specifications for the optical density of glass are 
compared and their application for the selection of goggles for 
electric welders is discussed. 
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The Machining of Manganese Steel. (Machinery, 1938, vol. 52, 
Sept. 22, pp. 757-762). A description is given of the foundry 
machine shop of Edgar Allen and Co., Ltd., Sheffield. The machines 
are capable of finishing castings up to 14 ft. in diameter and 20 tons 
in weight. 

High-Speed Steel Cutting Tests. (Alloy Metals Review, 1938, 
vol. 2, Sept., pp. 27-28). The results are given of a series of cutting 
tests made with eleven high-speed steels of widely varying com- 
position on test-blocks of die steel containing carbon 0-40%, 
chromium 0-85%, nickel 1-50%, molybdenum 0-30%, manganese 
0-60% and silicon 0-20%. The angular speed of the test-piece was 
kept constant, so that as the tool moved towards the outside of the 
revolving face the cutting speed was steadily increased until the 
tool failed. A table shows the surface speed attained at the moment 
of failure of each of the tools tested. 

The Use of Tungsten-Free Substitutes for High-Speed Steel for 
the Production of Cutting Tools. V.S. Vladislavlev and A. G. Ivanov. 
(Kachestvennya Stal, 1937, No. 4, pp. 7-11). (In Russian). Several 
steels, falling in the following two composition ranges, were in- 
vestigated : (a) Carbon 0-65-0-80%, silicon 1-5-2-1%, chromium 
9-0-10-5%, vanadium 0-85-1:2%, manganese up to 0-4%; 
(b) carbon 1-0-1-15%, silicon 1-1-1-7°%,, chromium 11-0—13-0%, 
vanadium 2-1-2-5%, manganese up to 0-4%. Suitable conditions 
for hot mechanical working, annealing, quenching and tempering 
these steels were determined. The best hardness values were 
obtained by tempering in stages. Some data are also given for the 
behaviour of milling cutters prepared from the above steels, and 
recommendations regarding the use and care of tools made from 
these steels are given. 

Finish and Wear. K.W. Connor. (Steel, 1938, vol. 103, Aug. 8, 
pp. 36-38). As the characteristics of surface finish have such an 
important effect on the wear- and corrosion-resistance properties 
of metals, instruments used for measuring these characteristics are 
of equal importance. In this article the author describes a profilo- 
meter or electric tracer in which the movements of a feeler passing 
over the surface are translated into voltages proportional to the 
velocity of movement. By incorporating an oscillograph, a pictorial 
record of the surface can be obtained. The author also discusses 
the use of hydraulically actuated honing tools, and gives examples 
of the application of the profilometer to test the surfaces obtained 
by boring, grinding and honing. 
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Determining the Yield Point of Steel. G. Lindh. (Jernkontorets 
Annaler, 1938, vol. 122, No. 5, pp. 185-212). (In Swedish). After 
making observations on tensile tests at high temperatures, the 
author discusses at length the properties of steel which affect the 
yield point, and describes some of the methods of testing with 
particular reference to those employed at Sandvikens Jernwerk. 

Attempts to Determine Strength at the Transformation Point. 
F. Roll. (Zeitschrift fiir Metallkunde, 1938, vol. 30, July, pp. 244— 
245). The author describes an investigation in which the tensile 
strengths of a 0-04% carbon iron wire and an Armco iron wire were 
obtained over a range of temperatures which included the trans- 
formation points. At 900° C. there is a change from body-centred 
to face-centred lattice structure. In the case of the 0-04% 
carbon wire it was found that there was a sharp drop in the tensile 
strength just before the transformation point, which was followed 
by a rise. With the Armco wire, however, these changes in tensile 
strength occurred at slightly lower temperatures. 

The Effects of Fibre on the Notch-Toughness of Mild Steel as 
Influenced by Cooling Rate. O. W. Ellis and J. E. McDonell. 
(American Society for Metals, Oct. 17-21, 1938, Preprint No. 5). 
Howe’s definition of fibre is quoted and reference is made to the 
work of Kirkaldy, Charpy, Brearley and others on the effects of 
fibre on the mechanical properties of steel. Experiments are 
described having for their object the determination of the effect of the 
cooling rate and actual grain-size on the notch-toughness of a steel 
in directions transverse and: parallel to the rolling direction. An 
attempt is made to explain the results of these experiments, the 
suggestions being made that the reduction in the notch-sensitivity 
of this steel caused by quenching is due largely, if not entirely, to 
an increase in its cleavage strength, and that the effects of fibre in 
this steel must be to reduce its resistance to plastic flow rather than 
to alter its cleavage strength. 

The Fatigue Bend Strength of Fillet- and Butt-Welded Joints. 
A. Thum and A. Erker. (Zeitschrift des Vereines deutscher 
Ingenieure, 1938, vol. 82, Sept. 17, pp. 1101-1106). A series of 
experiments is described in which the effects of subsequent heat 
treatment on the fatigue bend strength of fillet- and butt-welded 
joints were investigated. In the “ as-welded ” condition the fatigue 
bend strength of the test-pieces was 9-10 kg. per sq. mm. It was 
found that: (1) After grinding off the surplus weld metal with a 
profile grinder the fatigue strength was increased to 14-15-5 kg. per 
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sq. mm. (2).The residual stresses caused by the welding had little 
effect on the fatigue strength, so that annealing made no difference 
to the fatigue strength. (3) Cold-rolling caused an improvement in 
the fatigue strength. (4) Cold-working by peening did not improve 
the fatigue strength. (5) After grinding the weld down to the 
original plate thickness, the fatigue bend strength was found to be 
the same as that of the base material. 

The Creep of Metals Under Static and Repeated Stresses. F.C. Lea. 
(Midland Metallurgical Societies, Sept. 22, 1938: Iron and Coal 
Trades Review, 1938, vol. 137, Sept. 30, pp. 515-516). Creep can 
take place and lead to fracture under static stresses at temperatures 
above 300° C., at stresses much less than those which will break the 
specimen when loaded quickly. At 300° C. the stress at which the 
rate of creep becomes less than an allowable amount for, say, all 
types of pressure vessels is about half the tensile strength at that 
temperature. In designing plant or machines to work at tempera- 
tures well above normal, the designer must carefully consider what 
possible maximum strains he can allow and what the final life is 
likely to be. Working stresses must then be chosen consistent with 
these. The relative values of steels to meet any particular new 
conditions can be approximately obtained by short-time tests, but 
as yet no short-time test has been developed that will indicate the 
final rate of creep to which the metal will tend after a certain time 
at a particular stress. 

Creep of Solid Cylinders in Torsion. M.C. Fetzer. (Transactions 
of the American Society for Metals, 1938, vol. 26, Sept., pp. 850- 
883). This paper considers the problem of the torsional creep of 
solid cylinders. Short-time tests, up to 35 hours, were made on 
0-10 and 0-25°% carbon steels in several conditions. Creep rates were 
measured during the third to sixth, fifth to tenth and twenty-fifth 
to thirty-fifth hours by the method of Pomp and his collaborators. 
An attempt was then made to correlate creep rates in torsion with 
creep rates in tension, using for the latter data obtained by 
Pomp and Héger on similar steels. ‘To make such a comparison it 
was necessary to make an approximation of the stress distribution 
in solid cylindrical torsional specimens. This approximation 
indicated that the maximum stress during creep in torsion was 7% 
greater than if the stress were uniform throughout the section. The 
comparisons showed that the shear creep rate in tension is faster 
than in torsion for the same shear stress, and it is suggested that this 
is due to greater availability of slip planes in tension. 

The Effect of Deoxidation Treatments on the Ductility of Cast 
Steels. A. P. Gagnebin. (Transactions of the American Foundry- 
men’s Association, 1938, vol. 46, Sept., pp. 133-155). The ductility 
of heat-treated cast steel is directly related to the distribution of 
the sulphide inclusions. Steels with chains of sulphides arranged in 
a network around the primary grains have low ductility because 
stress concentrations cause failure through the sulphide links, 
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whereas steels with globular sulphides distributed at random have 
high ductility. The arrangement of the sulphides depends largely 
on the oxygen content of the melt, a high oxygen content causing 
distribution at random, and a low oxygen content resulting in the 
network formation. There is a critical amount of oxygen required 
to produce a sound ductile steel, and it is difficult to control this ; 
porosity may develop because of insufficient deoxidisers, or low 
ductility may result because there is insufficient oxygen caused by 
either the conditions of reduction during the melting or the use of a 
strong deoxidiser such as aluminium. A description is given of a 
melting practice that has been developed which consistently 
produces steels having high ductility, high impact resistance and 
a high yield ratio. This method involves the oxidation of the melt, 
then its deoxidation with silico-manganese, calcium and aluminium, 
which thoroughly kills the steel and causes the random distribution 
of the sulphides. 

The Production of Flakes by Treating Molten Steel with Hydrogen, 
and the Time of Cooling Necessary to Prevent their Formation. 
R. E. Cramer and E. C. Bast. (American Society for Metals, 
Oct. 17-21, 1938, Preprint No. 14).* A brief review of recent literature 
on flakes in steel shows that many metallurgists are associating the 
development of flakes with the presence of hydrogen in the steel. 
One recent experiment is described in which large ingots of open- 
hearth steel were treated with hydrogen and it was found that 
“control specimens” rolled from these ingots developed many 
flakes. A series of experiments in which other specimens from the 
same bars were cooled slowly produced data on the time of cooling 
necessary to prevent the formation of the flakes, and the temperature 
at which the flakes formed. Conclusions are drawn which would 
apply only to the bars used in this experiment. 

The Cause of the Peeling of Steel Tyres. C. Benedicks. (Stahl 
und Eisen, 1938, vol. 58, Sept. 15, pp. 999-1001). The author 
examines the possible causes of the peeling of the tyres of locomotive 
wheels. In some cases this has been found to be due to the steel 
being too soft. The German State Railways have got over the 
trouble in most cases by using a harder steel containing carbon 
0-45% and manganese 1-8%, or carbon 0:-5%, manganese 0-65% 
and silicon 1-59%. He discusses the results of an investigation by 
M. Ros and A. Eichinger, which showed that when two rollers were 
tested in an Amsler machine in the dry state and then in water, 
the amount of peeling was much greater in the latter case. It has 
also been observed that more peeling occurs from the driving- 
wheels than from the other wheels of a locomotive. In the opinion 
of the author the most important thing to aim at in the avoidance 
of peeling is to prevent any columnar zone from forming in the blanks 
from which the tyres are rolled. He also considers that other 
questions which require investigation are the effects of reversing 
the direction of rolling several times when rolling a tyre, or whether 
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it is advisable to roll the tyres for right-hand wheels in one direction 
and for left-hand wheels in the opposite direction. 

The Effect of Continuous and Intermittent Alternating Over- 
loading on the Development of Fatigue Fracture. H. Miiller-Stock. 
(Mitteilungen der Kohle- und Eisenforschung G.m.b.H., 1938, 
vol. 2, No. 2, pp. 83-106). On investigating the influence of the 
amplitude and duration of alternating stress peaks on the fatigue 
strength, it was found necessary to determine first of all how a 
fatigue fracture due to reversed stresses of constant amplitude 
developed in relation to time. The tests made on steel St 37 with 
this object had the following results: (1) If a test-piece is stressed 
above its fatigue strength, a temporary improvement in the material 
takes place first. This is proved by the fact that a test-piece, after 
being subjected to reversals at a given amplitude for a short period, 
will survive a greater number of reversals at an increased amplitude 
before fracture than one subjected to reversals at a constant 
amplitude throughout. (2) If the period of preliminary stressing 
is extended, the life in the second period will be shortened. The 
change in this life can be made to represent the course of the damage 
done during prestressing by means of a damage curve. Such 
curves are S-shaped. Following the improvement in the material 
noted in (1) above, a sharp increase in the rate of damage sets in ; 
during the reversals just before fracture occurs, the rate of damage 
decreases slowly. No explanation of this decrease has yet been 
discovered. (3) As the amplitude of the reversals is increased, the 
damage curve approaches more and more closely to the straight 
line which represents a fatigue test at +32 kg. per sq. mm. Then, 
too, as the amplitude increases, there is a decrease in the number of 
reversals during which the temporary improvement is noticeable, 
and this decrease is greater than the corresponding decrease in the 
number of reversals causing fracture when the amplitude is increased. 
(4) The fatigue strength of a material damaged by preliminary 
stress reversals does not decrease in a straight-line ratio with the 
damage, but decreases comparatively slowly at first and then 
rapidly towards the end of the test. But a material which has 
been damaged by overstressing still has a fatigue strength at not 
too high values of damage. (5) Test-pieces subjected to reversals, 
the amplitude of which alternates above and below the fatigue 
strength, behave fundamentally in the same manner as when 
subjected to reversals the amplitudes of which are all above the 
fatigue strength. (6) A few tests showed that these results apply 
to steel St 52 as well as to steel St 37. 

The Effect of Preliminary Stressing on the Alternating Bend 
Strength and Test-Duration of Steel St 37. H. Miiller-Stock, E. 
Gerold and E. H. Schulz. (Archiv fiir das Eisenhiittenwesen, 1938, 
vol. 12, Sept., pp. 141-148). See previous abstract. 

The Effect of Over-Stressing and Under-Stressing in Fatigue. 
J. B. Kommers. (American Society for Testing Materials, 1938, 
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Preprint No. 47). This paper gives the damage curves obtained 
after the application of various numbers of cycles at 10, 20 and 30% 
overstress. Results are given for three different carbon steels and 
one cast iron. The results include tests on standard smooth 
specimens and square-notched specimens. The effects of over- 
stress on the fatigue properties and the changes taking place in an 
ordinary fatigue test to failure are explained by means of the 
damage curves. The effects of progressively increasing under- 
stress on the specimens which did not fail in the overstress tests 
are reported. The effects of overstressing and understressing 
on the static properties of materials as determined subsequently 
to the fatigue tests are discussed. 

Fatigue Test on Riveted Joints. W.M. Wilson and F. P. Thomas. 
(University of Illinois Engineering Experiment Station, 1938, 
Bulletin, No. 302). This research was carried out in co-operation 
with the Department of Public Works of the State of California. 
Its object was to determine the fatigue strength of riveted joints 
connecting structural steel plates. A large number of static tests 
were also made to supplement the fatigue tests. 

A New Zeiss Microscope for Measuring Brinell Impressions. 
(Machine-Tool Review, 1938, vol. 26, July—Aug., pp. 135-136). 
A description is given with illustrations of a microscope with a new 
kind of illumination which enables Brinell impressions to be 
measured with a high degree of accuracy. The instrument is 
fitted with illumination which supplies partly directional and 
partly diffused light. This causes the spherical indentation to 
stand out clearly and sharply defined from a dark surrounding 
area. 

Hardenability of Low-Chromium Steels. W. Crafts and J. L. 
Lamont. (American Society for Metals, Oct. 17-21, 1938, Preprint 
No. 29). In this survey of the effect of chromium on the harden- 
ability of normalised, oil- and water-quenched engineering 
steels, the more useful compositions and their salient hardening 
characteristics are described. The effects of secondary alloys and 
the significance of the microstructures are also discussed in some 
detail in order to facilitate the interpretation of the data obtained, 
so that the full utility of the low-chromium steels may be realised. 
It was found in the case of carbon steels containing more than 
0-60°% of manganese and less than 1% of chromium that only a 
shallow depth of hardening was obtained by quenching in either 
oil or water. 

Hardenability and its Designation, the Hardenability Line. 
B. R. Queneau and W. H. Mayo. (American Society for Metals, 
Oct. 17-21, 1938, Preprint No. 31). An attempt is made to explain 
the exact meaning of the term hardenability. The authors have 
defined it as that characteristic of a heat of steel which determines 
its capacity to harden throughout when quenched; it is a direct 
function of the critical cooling rate, and as such is independent of 
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external quenching conditions. A simple relationship is found 
between the several depths to which different-sized bars of a steel 
harden under the same external conditions. As a result of this 
knowledge, a simple measurement serves to identify and classify 
fully the hardenability of a commercially uniform batch of steel. 
This index is called the “ hardenability line.” Some quantitative 
data are presented to show the usefulness of the “ hardenability 
line ” in determining differences in hardenability between heats of 
identical analysis, in showing the effect of alloy content, grain 
size and quenching temperature on hardenability, and in predicting 
the depth of case in a sample of any commercially hardenable size 
and of any one of the three simple shapes spherical, round and flat. 

Hardenability in Light Sections. G. V. Luerssen. (American 
Society for Metals, Oct. 17-21, 1938, Preprint No. 33). This paper 
consists of a summary of the information now available concerning 
the factors affecting the hardenability of small sections. The subject 
is discussed under the headings of variations in analysis, inherent 
properties, preliminary treatment, design and quenching media. 
A bibliography of the subject is attached for more detailed reference 
to the various topics discussed. 

Hardenability of Plain Carbon Steels. J. L. Burns and G. C. 
Riegel. (American Society for Metals, Oct. 17-21, 1938, Preprint 
No. 32). The authors describe a method of hardness testing from 
the results of which they develop a factor for expressing the 
hardenability of low-, medium- and high-carbon steels. They 
found that the difference in the hardenability of fine- and coarse- 
grained steels remains approximately constant with steels containing 
up to 0-35% of carbon. From 0-35 to 0-50% of carbon this difference 
is increasingly dependent upon the chemical composition. The 
authors also present a series of graphs from which it is possible to 
determine the depth of hardness which will be obtained by water- 
quenching a steel object of given composition, grain size and 
diameter. 

Hardenability, its Relation to Quenching, and Some Quantitative 
Data. M. A. Grossmann, M. Asimow and 8. F. Urban. (American 
Society for Metals, Oct. 17-21, 1938, Preprint No. 26). Since the 
hardness distribution in a quenched bar depends both on the 
hardenability of the steel and on the severity of the quench, it is 
necessary in any quantitative treatment to distinguish between 
the two effects. In Part I. it is shown that the value of harden- 
ability tests is not by any means restricted to indicating the hardness 
distribution obtained, but that the results may be made to reveal, 
in numerical values, the severity of the quench that was employed. 
A mathematical analysis is used to discover a probable pattern of 
behaviour when using different quenches with steels of various 
hardenabilities, and the method selected gives values which accord 
closely with values found in quenched bars. These principles 
make it possible to judge the true hardenability of the heated steel. 
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It also becomes possible to compare the results obtained by different 
laboratories, because the results reveal the severity of the quench 
employed in each case as well as the hardenability. It is possible to 
predict the hardness distribution which will be obtained in any 
size of quenched bar, once the hardness distribution in one appro- 
priate size and the severity of the quench are known. The degree 
of hardness for any known quenching conditions can also be 
predicted, provided only that the hardness of the particular steel 
is known for one set of quenching conditions. In Part II. some 
quantitative data are deduced for the effects of carbon, manganese, 
silicon and phosphorus on the hardenability of a steel. The effects 
of aluminium additions on hardenability were also measured by 
observing their effect on the grain size. In an appendix an equation 
is evolved and explained by means of which the temperature distri- 
bution throughout a cylindrical bar can be determined. 

Transverse Hardness Tests of Heat-Treated Steels. G. T. 
Williams. (American Society for Metals, Oct. 17-21, 1938, Preprint 
No. 30). A series of transverse hardness curves is given for carbon, 
chromium-nickel, and chromium-molybdenum steels quenched and 
drawn at several temperatures. The effect of short-time quenching 
and of section size in tempering is shown. Age-hardening effects 
have been found in the steels tested when a mild quench was followed 
by reheating between 350° and 900° F. It was found that 
carburising had a damaging effect on the core hardness, non- 
carburised steels hardening to higher core values. 

Absolute Hardness. E. G. Mahin and G. J. Foss. (American 
Society for Metals, Oct. 17-21, 1938, Preprint No. 4). Many studies 
in the field of hardness testing have been devoted to the effort to 
distinguish between the intrinsic resistance of a metal to permanent 
deformation and the added resistance due to strain-hardening which 
occurs after permanent deformation has begun. The experimental 
determination of this former property, which has been termed 
“absolute hardness,” is difficult. In the present paper some 
experimental determinations and theoretical deductions made from 
conventional hardness tests are discussed, and a method (believed 
to be new) for the direct determination of absolute hardness is 
described. 

The Physics of Hardenability. The Mechanism and the Rate of 
the Decomposition of Austenite. R. F. Mehl. (American Society 
for Metals, Oct. 17-21, 1938, Preprint No. 25). The author 
discusses the mechanism which causes the formation of the 
decomposition products of austenite, the nature of these products 
and the factors which determine the rates of decomposition at 
different temperatures. An analytical expression for the isothermal 
reaction curve for the formation of pearlite is given. The variation 
in the interlamellar spacing in pearlite with temperature and the 
variation in the diffusion coefficient of carbon with temperature 
may be used to predict a rate of growth which increases as the 











378 A PROPERTIES AND TESTS. 


temperature decreases. The author suggests that the dark acicular 
structures formed at temperatures between 400° and 200° C. differ 
from martensite only in that the tetragonal lattice characteristic 
of martensite breaks down during the reaction at a rate which 
rapidly increases as the temperature is raised. 

Hardenability Tests. W. E. Jominy. (American Society for 
Metals, Oct. 17-21, 1938, Preprint No. 28). After declaring that 
there is no nationally accepted standard by which the hardenability 
of steel is measured, the author describes the more commonly used 
hardenability tests with their particular advantages and limitations. 
The Shephard test and a method of testing developed by the author 
and A. L. Boegehold are described. Using the latter, it is possible 
to determine what the hardness at the centre of a 4-in. dia. 
bar would be after quenching in oil or water, although the test 
specimen itself is only 1 in. in dia. by 3 in. long. 

The Theory of Mechanical Wear. ©. Zocchi. (Fourth Inter- 
national Rail Congress, 1938, Session II., Paper No.1). (In Italian). 
When metallic bodies in contact are subjected to sliding or rolling 
movements, sudden wearing of the surfaces in contact may take 
place, depending upon the dimensions of the two bodies. The effect 
of the type of movement is discussed in this paper, the author 
finding that a sliding movement causes an appreciable increase in 
the temperature of the surfaces in contact accompanied by 
recrystallisation phenomena; with rolling movement there is 
limited heating resulting in depth-hardening accompanied by an 
increase in the latent energy. The phenomena of mechanical wear 
depend upon a combination of these two effects. - 

Uniform Conditions for the Testing and Acceptance of Welded 
Joints in Rails. J. Nemesdy-Nemcsek. (Fourth International 
Rail Congress 1938, Session VI., Paper No. 1). After enumerating 
some of the problems concerning the welding of rails which have 
not yet been solved, the author discusses the most important of the 
laboratory methods of testing with a view to standardising them 
where possible. He considers that after a welding procedure has 
been accepted as a result of laboratory tests, a satisfactory 
acceptance test would be to apply the static bend test to 1-2% of 
the welds made in each shift. 

Wear Resistance Tests of Steels for Rails and Tyres. A. 
Kichinger. (Fourth International Rail Congress, 1938, Session II., 
Paper No. 3). In laboratory tests for the determination of the 
wear resistance of steels for rails and tyres, the conditions of the 
contact surfaces after the test must be the same as those obtaining 
in service. Experience has shown that it is unnecessary to impose 
test conditions more stringent than service conditions. The author 
describes the testing of rail material under such conditions by 
causing two specimens to slide one upon the other in the dry and 
the wet state. The weights of metal lost by wear in the initial 
and final periods of the test, and the surface pressure at which 
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the wear becomes very small, are determined, and from these the 
specific work of friction is evaluated. The tendency of tyre steel 
to peel is also discussed, and whilst it is obviously caused by local 
crushing, the phenomenon is not yet sufficiently understood to 
permit of the accurate determination of the peeling tendency of 
tyre steels. 

The Influence of Test Conditions when Testing Wear Resistance. 
E. Siebel. (Fourth International Rail Congress, 1938, Session II., 
Paper No. 2). The process of wear varies greatly with the materials 
in question, and depends upon the external conditions so much 
that in determining wear resistance it is necessary to see that the 
test conditions are very similar to those prevailing in service, and 
it has proved to be impossible to use only one method of testing 
to determine the wear resistance of a given material in terms 
applicable to all circumstances. It is, however, possible to 
determine the wear resistance of a pair of materials under specified 
conditions, and from the values obtained in this way it is possible 
for the engineer to judge whether the material or materials in 
question are suitable for the purposes intended. The suitability 
of the various wear-testing machines now available is also discussed 
in this article. 

An Investigation into the Crushing of Rail Steel. I. Frantsevich, 
N. Lashko and M. Borushko. (Stal, 1938, No. 2, pp. 66-71). (In 
Russian). It is pointed out that crushing, which is one of the main 
causes of the wear of rails, has received very much less attention than 
the wear due to friction. In connection with wear, the theories of 
Fink, Bowder and Ridler are reviewed and some results of X-ray 
analyses carried out by the authors on the products of attrition of 
iron are quoted ; these tend to support Fink’s theory. The greater 
part of the paper deals with some experiments on the crushing in the 
surface layers of hollow cylindrical specimens subjected to wear tests 
in an Amsler wear-testing machine, using varying loads with a 
constant number of revolutions and vice versa. A rail steel con- 
taining 0-40% of carbon, 0-68% of manganese, 0-23% of silicon, 
0-023% of phosphorus and 0-034% of sulphur was used. After the 
tests, the variation with depth of the deformation due to mechanical 
work applied to the outer curved surfaces of the cylindrical test- 
pieces was studied. For this purpose the surface was gradually 
etched away and the residual stresses were determined by an X-ray 
method. It was found that in test-pieces tested at specific pressures 
up to 90 kg. per sq. min. the depth to which the deformation pene- 
trated was small and remained constant. On exceeding a specific 
pressure of 100 kg. per sq. mm., the resistance of the surface layer, 
which is a characteristic of the given material, is overcome, and the 
centre of deformation rapidly spreads into the interior of the test- 
piece with well-marked points at which the value of the second-order 
stresses is a maximum. The stresses in the layer immediately 
adjacent to the surface are reduced owing to the setting in of plastic 
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deformation—crushing of the metal in that region. With further 
increase in the specific pressure the position of maximum residual 
stress moves into the interior of the metal. 

The Exceptional Wearing Properties of Early Steel Rails and their 
Reproduction under Modern Rail-Manufacturing Conditions. C. J. 
Allen. (Fourth International Rail Congress, 1938, Session V., 
Paper No. 3: Iron and Coal Trades Review, 1938, vol. 137, Sept. 23, 
pp. 467-468; Sept. 30, pp. 507-508.) The author describes the 
chemical composition and physical properties of rails after 40 to 50 
years’ continuous service, and an investigation which led to the 
conclusion that work-hardening of the running surface in the earlier 
years of their life when traffic conditions were easier, provided a 
toughened upper surface which enabled them to withstand better 
the more severe running conditions of later years. The high-carbon 
steel compositions made possible by the general change-over in 
Great Britain during the past twenty years from acid Bessemer to 
basic open-hearth rail-steel production had reduced rather than in- 
creased the wearing capacity, owing to the unsuitable steel structure 
so produced. The first step towards regaining the old capacity for 
wear has been a considerable increase in the percentage of manganese, 
coupled with a reduction in carbon; the second step has been the 
general application in Great Britain of the retarded cooling of rails ; 
the result of these changes has been a considerable increase in the 
elongation and reduction of area, relatively to the breaking strength, 
in the tensile test, making possible high breaking strengths with an 
admirable tough structure of the steel. A further step which is 
now being taken on a widespread scale in Great Britain is the 
application of the Sandberg sorbitic process to the head of rails 
intended for service where traffic conditions are severe. The 
characteristics of this sorbitic steel are an exceptionally high yield 
point with good abrasion resistance. 

Suitable Acceptance Tests for Rails. R. Kiihnel. (Fourth 
International Rail Congress 1938, Session IV., Paper No. 2). In 
this paper the author examines the specifications of acceptance 
tests for rails in force in different countries. He finds that wide 
divergencies exist, and considers that if these tests were standardised 
it would be very beneficial to both the user and the manufacturer. 
With a view to determining the best methods of testing to adopt 
as a standard, having regard to cost and conditions in service, the 
author discusses the methods of testing now applied. He contends 
that the tensile strength and the toughness, as indicated by tensile 
and bend tests, suffice to show the degree of resistance to fracture 
and to wear; he is of the opinion that the manufacturer should 
be given as much latitude as possible as far as chemical analysis is 
concerned. A visual inspection is essential in all cases. Three 
comprehensive tables enable a comparison to be made of the 
specifications of the chemical analyses and physical properties of 
rails now in force in 34 different countries. 
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Fourth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails. H. F. Moore. (University of Illinois Engineering 
Research Station, 1938, Reprint No. 12). A research conducted 
by the Engineering Experiment Station of the University of Illinois, 
the Association of American Railroads and the Rail Manufacturers 
Technical Committee. In the introduction H. F. Moore, who is in 
charge of the investigation, reviews the work on the problem of 
internal fissures in rails which has been dealt with in the first three 
progress reports. The present report consists of a number of papers 
by members of the staff and of various committees who took part 
in the investigation. The papers are as follows : 


Temperature Limits for Controlled-Cooling of Rails, by 
R. E. Cramer and E. C. Bast.—An investigation of the influence 
of different rates of cooling on the formation of shatter-cracks 
is described. 

Metallographic and Hardness Tests of End-Hardened Rails, 
by R. E. Cramer and E. C. Bast.—The authors discuss the results 
of hardness tests on the ends of rails which had been heat- 
treated by twelve different processes. 

Mechanical Tests of Specimens from End-Hardened Rails, 
by S. W. Lyon.—The tensile strengths, elongations, reductions 
of area, Charpy values, Izod values and fatigue limits obtained 
on testing specimens of rails end-hardened by twelve different 
processes are tabulated. 

Effect of Hardness on Tensile and Impact Properties of Rail 
Steel, by S. W. Lyon.—The author reports studies made to 
determine the limits to which the hardness in the end-hardened 
rails might be carried while still retaining good strength, 
ductility and toughness properties. 

Rolling-Load Tests for Batter of Rails, by H. R. Thomas 
and N. J. Alleman.—The improved methods of making rolling- 
load tests based on the experience of previous methods are 
described. It is stated that the results of the latest tests are in 
general harmony with one field-service report received from a 
railway company that end-hardening is not effective unless the 
hardness is greater than 300 Brinell. 

Non-Destructive Tests, :y J. L. Bisesi, J. C. Mace and R. 8. 
Jensen.—An electro-mechanical method of vibrating and 
damping a rail and its application for the purpose of deter- 
mining the presence of shatter-cracks are described. 


This is followed by a section on miscellaneous test results, and 
the report concludes with the following three appendices : 


Formule and Diagrams for Computing Shearing Stresses in 
Rail Head which are Due to Direct Action of the Wheel Load, 
by H. R. Thomas. 
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The Effect on Wheel Loads of Irregularities of Wheels and 
Track, by H. R. Thomas and N. H. Roy. 

Notes on the Relation of Rockwell if Hardness to Brinell 
Hardness Numbers, by R. E. Cramer. 


The Tendency of a Straight Jointless Track to Warp Due to 
Thermal Stresses. M. T. Huber. (Fourth International Rail 
Congress, 1938, Session I., Paper No. 2). It was formerly thought 
that the warping in the horizontal plane of a straight jointless track 
due to heat stresses could be deduced from the stability of an elasti- 
cally embedded compressed bar. The author, in this mathematical 
discussion, describes how he tested this theory and found that 
sufficient consideration had not been given to the possibility of a 
longitudinal sliding movement of the track and a lifting movement 
of sections of track from the ballast bed due to uneven heating taking 
place. It was therefore possible that warping in the horizontal plane 
could occur under much smaller heat stresses than those calculated 
from the theory of stability. The author therefore considers that in 
order to avoid the danger of warping it is essential to give the track the 
greatest possible degree of resistance to bending by heavy ballasting. 

The Railway Track from the Point of View of the Prevention of 
Warping. F. Raab. (Fourth International Rail Congress, 1938, 
Session I., Paper No. 3). In most calculations the railway track is 
regarded as a continuous beam stretched across elastic supports, 
and as a rule only the perpendicular forces of the traffic loads are 
taken into account. This is a satisfactory assumption for short 
lengths of track, but it is insufficient for long lengths or for jointless 
welded track, because the stresses developed by variations of 
temperature under conditions of totally or partially impeded elonga- 
tion may be of the same order of magnitude as the stresses caused 
by the traffic loads. The longitudinal forces may also induce 
warping, as there is evidence of this from tracks in service, from tests 
and from theoretical investigations. A principal cause of warping 
is the crushing of the fibres of the rail rim induced by the longitudinal 
forces or deviations of the track from the straight line. The different 
theories on warping are due to different assumptions concerning the 
ideal mechanical system. The investigation which forms the 
subject of this paper has shown the necessity of examining quantita- 
tively each one of the possible causes of warping. An optical 
method of detecting and measuring track warping from the minutest 
initial stages onwards has been developed and is described by the 
author, who, in the concluding part of this paper, uses the results 
obtained with it to show how the danger of warping can be eliminated 
by proper attention to design, selection of materials and use of 
tie-rods. 

The Effect on the Permanent Way of Stresses in Long Lengths of 
Flat-Bottomed Rail Track. W. Hiittner. (Fourth International 
Rail Congress, 1938, Session I., Paper No. 4). This paper describes 
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an investigation undertaken in order to obtain a comprehensive 
survey of the stresses arising in long railway tracks due to heating 
and cooling. 

The Effect of Shape and Quality of Material on the Life of Rails. 
P. Forcella. (Fourth International Rail Congress, 1938, Session V., 
Paper No. 1). Steel rails are subjected to alternating stresses more 
than any other material. It is therefore necessary that intensive 
research should be directed to determining the effects of shape and 
quality of the steel on the service life. The author discusses the 
results of laboratory tests and examples in service which show the 
effect of the shape and position of notches on the life of rails. The 
results of static and impact bend tests, endurance-impact and 
alternating bend tests, the relationship between the elastic limit and 
tensile strength, notched-bar impact toughness and alternating bend 
strength are all examined. Tests showed that for equal tensile 
strengths, the steel possessing the greatest notched-bar impact 
strength had the greatest alternating bend strength and (because 
these factors are mutually related) gave the best results in the drop 
test. The same relationship was found to exist when comparing 
two electrically welded rail-joints, one of which was welded with bare 
electrodes and the other with coated electrodes. 

The Rail—A Metallurgical Service and a Metallurgical Problem. 
E. H. Schulz. (Fourth International Rail Congress, 1938: Stahl 
und Eisen, 1938, vol. 58, Sept. 15, pp. 996-998). The author 
discusses the service’ which is required from rails under modern 
traffic conditions with special reference to the metallurgical technique 
employed to obtain increased resistance to wear and to minimise 
the risk of fracture. In the concluding part of his paper the author 
examines the relative importance of laboratory tests and the drop 
test for determining the quality of rails. 

The Testing of Ordinary, Compound and Heat-Treated Steel Rails. 
M. Ros and A. Bianchi. (Fourth International Rail Congress, 1938, 
Session IV., Paper No. 1). In this paper the author considers the 
two important properties of rails, wear and fracture resistance, in 
the light of test results on new rails and experience gained from rails 
in service. 

German State Railway Statistics of Fractured Rails. V. Hervig. 
(Fourth International Rail Congress, 1938, Session III., Paper 
No. 1). In this paper the author gives a detailed account of the 
system of reporting rail fractures adopted by the German State 
Railways several years ago. A specimen of the report form is 
reproduced, from which it can be seen that the central office, on 
receiving the form, has a complete picture of the life of the rail in 
question and all the facts relevant to the fracture. A careful 
analysis of the statistics thus obtained has already provided informa- 
tion as to the cause of fractures, thus avoiding in some cases a 
costly process of examination. These statistics also supply valuable 
guidance when specifications and acceptance tests are veing drawn up. 
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The Notched-Bar Impact Strength of Rails Fractured in Service. 
J. Bartel. (Fourth International Rail Congress, 1938, Session IIT., 
Paper No. 2). The author discusses the results of a series of notched- 
bar impact tests on 12 rails made of acid Bessemer, basic Bessemer 
and open-hearth steel, which had fractured in service after periods 
of from 23 to 60 years (except in one instance of only 2 years). The 
positions of the fractures relative to the position of the sleepers and 
to the cross-section of the rail were examined. This was followed by 
static bending and notched-bar impact tests with different rates of 
loading. He found that there was no relationship between the 
service life and the notched-bar impact strength or between the 
change of impact strength with varied rate of impact. He therefore 
considers that notched-bar impact tests are of doubtful value when 
endeavouring to estimate the probable behaviour of steel rails in 
service. 

What do we Learn from an Analysis of 25 Years’ Statistics on the 
Life of Rails? G. Mandel. (Fourth International Rail Congress, 
1938, Session III., Paper No. 3). The Hamburger Hochbahn 
Aktiengesellschaft, whose system includes numerous sharp curves 
and steep gradients, and has a frequent train service, has kept 
statistics of the life of each separate curved rail covering the last 
25 years. The data include the dates of laying and replacement, 
the cause of removal and some particulars of the steel. An analysis 
of these figures shows that rails made by the Bessemer process 
have better wear-resistance properties than the ordinary open- 
hearth steel rails with a tensile strength of 75-85 kg. per sq. mm. 
Compound steel rails are now used to replace worn curved rails, 
and it has been found that their life is approximately four times that 
of ordinary open-hearth steel rails. 

Experience in the Use of Tram Rails. G. Kiihn. (Fourth Inter- 
national Rail Congress, 1938, Session III., Paper No. 4). In 
Germany it has been found that their standard tram-rail section 
NP. 4 has given the best service. The permissible amount of wear 
on this rail is 22 mm. maximum, and its service life has proved to 
be from 20 to 25 years. After wearing, it has been found that the 
difference in he* ht between the guide-flange and the head proper 
is somewhat too great, and it is therefore considered advisable to 
roll the section with a slightly lower guide-flange. The thickness 
of the head, web and base has proved to be ample, but it has not 
yet been possible to prevent the corrosion of the base. The com- 
pound steel rail has proved to have the best wear-resisting properties, 
but on account of its high cost it is not used for ordinary straight 
lengths, but only for curved rails. 

Rail Corrugations. R. Kiihnel. (Fourth International Rail 
Congress, 1938, Session II., Paper No. 6). In this discussion on 
corrugations on the surface of rails the author presents some 
interesting data. The difference in height between depressions and 
ridges varies from 0-2 to0-8 mm. The depressions can be identified 
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as bright oval patches occurring at distances of from 30 to 75 cm., 
but this variation in spacing does not appear to follow any known 
law. The bright patches occur both on the ridges and in the 
depressions and on both rails of a track. The hardness of the rail 
surface varies greatly, but has no relationship to the position of the 
bright patches. There is no difference between the structures of the 
steel at the bright and dark areas. In the opinion of the author 
the cause of these bright patches can be ascribed partly to vibration 
of the rolls in the steel mill and the straightening machine, and 
partly to the vibration of rolling-stock. 

The Determination of the Best Profile for a Rail Web. R. V. 
Baud. (Fourth International Rail Congress, 1938, Session V., 
Paper No. 6). During the electrification of a railway in America, 
a number of cracks in rails were discovered all of which ran along 
the neck where the web tapered into the head of the rail. This 
directed attention to the possibility of designing a rail profile, the 
web of which would be such that the stresses would be equally 
distributed over the whole of its surface. With this ideal in view, 
the author in this mathematical discussion develops formule for the 
best design of rail web of unequal thickness, and, using these, he 
produces web profiles such that the values of the more evenly dis- 
tributed stresses are considerably below the maximum stress values 
used in calculating the profiles now rolled. This new design of 
rail web has a rather unusual shape, as it is thicker at the top 
and thinner where it joins the foot than the rail profile in 
use at the present time. The author points out that whilst tests 
may show that this design of rail may require some modification, 
this could be done without contravening the principles he has applied. 

The Internal Stresses of Rails Subjected to Different Cooling and 
Straightening Treatments. K. Schénrock. (Fourth International 
Rail Congress, 1938, Session I., Paper No. 1). As a search of the 
literature does not produce much information on the subject of 
internal stresses in rails set up by the cooling after rolling and 
straightening, the author investigated the subject using the X-ray 
diffraction method of R. Glocker applied to a special instrument by 
which one vertical and two oblique views could be taken from one 
point within a very brief period of time. Several rails with tensile 
strengths of 70 and 90 kg. per sq. mm. were examined. He found 
that the transverse and horizontal stresses were of the same order 
as the longitudinal and vertical stresses, and this accounts for the 
fact that cracks in the rail-head caused by internal stresses are 
nearly always found to be in the direction of rolling. 

Advancement in the Metallurgy of Steel for Rails in Austria. R. 
Walzel. (Fourth International Rail Congress, 1938, Session V., 
Paper No. 4). The author discusses the results of ten years’ observa- 
tion of special rails on test tracks and in actual heavy traffic service. 
These rails were made of an electric-furnace pearlitic, manganese steel 
containing about 0-6% of carbon and 1-8% of manganese, with a 
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tensile strength of 90-98 kg. per sq. mm. The amount of wear on 
the outer rails of curves made of this steel was only about one-third 
of that of ordinary open-hearth steel with a tensile strength of 68-75 
kg. persq.mm. He also established that these special rails have a 
high resistance to deformation at the ends, which property also 
increases their life. There have so far been no fractures due to low 
temperature. They can be electrically butt-welded without 
difficulty. Rails of this steel with an addition of copper are now 
being tested in tunnels. Seven years’ experience of crossings made 
of forged steel to a similar analysis has proved the material to be 
excellent for this purpose. In this case the steel is heat-treated 
and oil-quenched, and has a compressive yield point of about 
115 kg. per sq. mm. and an ultimate strength of about 135 kg. per 
sq. mm., and it has been found that the rate of loss of height due 
to impact crushing is only from one-fifth to one-tenth of that 
experienced with ordinary cast-steel crossings. 

The Development of High-Quality Steels for Large Structural 
Work. P. Hoff. (Mitteilungen der Kohle- und Eisenforschung 
G.m.b.H., 1938, vol. 2, No. 1, pp. 1-75). In the last twenty years 
Germany has made great strides in the development of high-strength, 
low-alloyed structural steel, in particular for bridge-building 
purposes, and this has had far-reaching effects on both the steel 
producer and the structural engineer. In this work the author 
traces this development, showing how metallurgical science has 
played its part in solving the problems which have arisen. A survey 
of the development of structural steel prior to the introduction 
of high-quality steels is included, and the author also discusses the 
progress made in other countries, pointing out where progress has 
been in the same direction as in Germany and where it has followed 
different lines. He includes the application of these high-quality 
steels to shipbuilding in his discussion, as well as the application of 
light alloys in spheres where they compete with steel. In con- 
clusion the author points out that improved niethods of testing 
must be developed side by side with improved qualities of steel, 
and in this respect he would like to see more attention paid to the 
development of means of testing assembled structural steel units. 
A bibliography of 240 references is given. 

The Development of High-Strength Steels for Large Structural 
Work. P. Hoff. (Stahl und Eisen, 1938, vol. 58, Sept. 29, pp. 
1053-1057). In reviewing the history of steelmaking from the time 
of cast-iron bridges to the production of German Standard Steel 
St 52, the author points out that since 1918 Germany has concen- 
trated on improving the strength properties of structural steel, 
whereas other countries have paid more attention to obtaining a 
higher yield point. He also discusses the welding properties of 
steel St 52 and its many applications in Germany. 

Is Structural Steel S37 Still Up to DateP FF. Glaser. 
(Bau und Werk, 1938, Sept. 2, pp. 25% -252). In this discussion of 
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the properties of steel for use in constructional work, the author 
shows that the steel to the German standard St 37 does not fully 
satisfy modern requirements, and that it is only economic to use 
St 52 for fabricating large spans. He points out the need for a 
standard steel of a quality between St 37 and S8t52, which should, 
however, be as weldable as the former, and explains how this need 
has already been met in Austria because, in 1925, Austrian steel- 
works obtained orders from Egypt for bridge-building steel to a 
British Standard Specification, which later came to be known in 
Austria as St 44. It has, however, not yet been officially recognised 
as a German engineering standard steel. 

The Change in the Young’s Modulus of Elasticity of Iron and 
Carbon Steels Due to Magnetisation. M. Yamamoto. (Science 
Reports of the Tohoku Imperial University, 1938, vol. 27, July, 
pp. 115-136). The author describes the apparatus used and the 
results obtained when he investigated the change in the Young’s 
modulus of annealed Armco iron and various carbon steels due to 
magnetisation. The following is a summary of the results of this 
investigation : (1) Young’s modulus (#) of Armco iron and carbon 
steels increases with magnetisation, the rate of increase being large 
in weak fields and decreasing as the field increases. The amount of 
increase is of the order of 10°. (2) In a given field, AH/H decreases 
as the carbon increases, but at a diminishing rate. (3) The curve 
obtained by plotting AH/EH against the intensity of the magnet- 
ism has three phases. In the first, the modulus increases slowly at 
first and then more and more rapidly; in the second, it increases 
very rapidly at first and then decreases; and in the final phase it 
again increases rapidly. (4) The four factors, the magnetisation 
intensity, the initial sensitivity, the Young’s modulus and the 
density, all decrease as the carbon content increases. (5) The 
results obtained in the case of Armco iron agreed approximately 
with those obtained using Akulov and Kondorsky’s theory. 

The Properties of Heat-Resisting Steels. (Nickel Bulletin, 1938, 
vol. 11, Aug.—Sept., pp. 180-181). A table is given of the physical 
and electrical properties of six heat-resisting steel alloys of the 
following compositions: (a) Chromium 18%, nickel 8%, tungsten 
1%, titanium 1%; (6) chromium 14%, nickel 14%, tungsten 3% ; 
(c) chromium 23%, nickel 12%, tungsten 3%; (d) chromium 20%, 
nickel 8%, tungsten 4% ; (e) chromium 15%, nickel 30%, tungsten 
4%; and (f) chromium 25%, nickel 20%. 

Gases and Metals. C. J. Smithells. (Cantor Lectures, Journal 
of the Royal Society of Arts, 1938, vol. 86, Aug. 5, pp. 936-949 ; 
Aug. 12, pp. 951-964; Aug. 19, pp. 971-983). In this series of three 
lectures the author covers the behaviour of gases and metals in 
contact with each other under various conditions and determines 
the laws which govern this behaviour. In the first lecture he 
discusses the adsorption of gases on metal surfaces, commencing 
with a review of the theories that have been suggested regarding 
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the nature of adsorption. The adsorption which is usually observed 
at low temperatures, e.g. — 180° C., is regarded as physical adsorption. 


In this case the equilibrium is reached very quickly, the heat of 


adsorption is low, and the amount of gas adsorbed decreases with 
increase in temperature. As the temperature is raised it is found that 
after the initial instantaneous adsorption is complete, a further 
quantity of gas continues to be adsorbed very slowly. It appears 
that this type of adsorption depends on a chemical attraction be- 
tween the metal surface and the gas, and it is therefore commonly 
called “‘ chemisorption.” In the second lecture the diffusion of 
adsorbed gases into the interior of the metal is dealt with, the author 
explaining the effects of changes of temperature and pressure and 
the influence of the state of the metallic surface upon the rate of 
diffusion. In the third lecture, which is the one of most interest 
to the iron and steel industry, consideration is given to the solution 
of gases in metals. After explaining that gas absorbed in a metal 
may be described as a solid solution closely analogous to the solution 
of one metal in another, the author discusses whether in such a 
solution the gas atoms replace the metal atoms in the lattice, as in 
metallic solid solutions, or whether they exist in the spaces between 
the metal atoms. He describes the apparatus used for the direct 
determination of the solubility of gases in a number of non-ferrous 
metals, and discusses the effects of temperature and pressure on the 
solubility curves. Coming to the commercial metals, including 
iron, the author describes what happens when samples are heated 
in a vacuum. In the case of iron the chief constituent of the gases 
evolved is carbon monoxide, and he quotes the explanation of 
Oberhoffer and Piwowarsky as to the origin of this gas in steel. 
They established that the carbon monoxide was formed by the 
reaction between the dissolved oxide and carbide in the metal. 
Turning to steelmaking, the author concludes his paper with a 
discussion of the formation of blow-holes in an ingot of rimming 
steel as it solidifies. The gases in these holes consist almost entirely 
of a mixture of carbon dioxide and carbon monoxide, in which 
the latter preponderates. The explanation of the formation of 
these blow-holes is based on the fact that iron oxide and carbon can 
co-exist in solution in liquid steel. The position and quantity 
of the blow-holes formed during freezing will depend on the total and 
relative concentrations of carbon and iron oxide in the steel, which 
give rise to the reaction FeO + C+> Fe + CO. The essential 
steps are: (a@) The separation of pure iron, which increases the 
concentration of carbon and oxygen in the remaining liquid, and 
possibly causes the precipitation of a cloud of iron-oxide particles, 
and (b) reaction between the carbon and iron oxide at the growing 
surface of the crystals, due either to the rapid loss of heat to the 
mould or to the increased concentration, or both. The position 
and amount of the blow-holes will depend upon the initial carbon 
and oxygen contents of the steel. 
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Gases and Metals. C. J. Smithells. (Foundry Trade Journal, 
1938, vol. 59, Sept. 1, pp. 159-162). This paper presents the third 
of the series of three Cantor Lectures of the Royal Society of Arts. 
(See preceding abstract). 

Gas in Steels—Determination of the Gas Liberated during Cooling. 
G. Moressée. (Revue Universelle des Mines, 1938, vol. 14, Sept., 
pp. 677-687). The author describes an investigation carried out to 
determine the quantity and composition of the gases evolved during 
the cooling of basic Bessemer and open-hearth steel ingots. The 
apparatus was designed so that data concerning the temperature, 
pressure and composition in relation to the cooling time could be 
obtained. It was found that hard steels gave off less gas than 
mild steels. The total quantities of gas per 1000 kg. of steel liberated 
from ingots weighing 7,750 kg. were: (1) Basic Bessemer unkilled 
mild steel, 207 litres; (2) open-hearth unkilled mild steel, 214 litres ; 
(3) basic Bessemer killed mild steel, 69 litres; (4) open-hearth killed 
mild steel, 35 litres; (5) basic Bessemer hard steel, 5-7 litres 
and (6) open-hearth hard steel, 24-9 litres. Comprehensive tables 
show the quantities of carbon monoxide, carbon dioxide, oxygen, 
methane, hydrogen and nitrogen liberated per minute as the cooling 
proceeds. 

Development in Molybdenum High-Speed Cutting Steels. W. R. 
Breeler. (American Society for Metals, Oct. 17-21, 1938, Preprint 
No. 11). Within the past ten years the use of molybdenum high- 
speed steel has been steadily increasing. The most popular analysis 
at the present time is: Carbon 0-72-0-81%, silicon 0-20-0-45%, 
manganese 0-30% maximum, chromium 3-50-4:00%, tungsten 
1-30-1-80%, vanadium 0-90-1-30%, and molybdenum 8-00-9-50%. 
When this steel was first introduced, several objections were raised, 
the main one being the tendency to decarburise more than the 
18/4/1 steel does. Numerous modified compositions were developed 
in an attempt to overcome these objections. The more important 
of these new steels are specified in the article and discussed from the 
standpoint of manufacture, decarburisation and cutting ability. 
The attempts to produce a better steel involved the use of copper 
and boron or both, omitting tungsten and substituting vanadium, 
and changing the ratio and amounts of tungsten and molybdenum. 

The Effect of the Silicon and Aluminium Addition on the Harden- 
ability of Commercial Steels. M. J. R. Morris and H. W. McQuaid. 
(American Society for Metals, Oct. 17-21, 1938, Preprint No. 27). 
This paper deals with the theoretical aspect of the relative effects 
of small aluminium and silicon additions on the response to heat 
treatment of commercial carbon steels of the medium-carbon type. 
It is indicated that the real causes of variation in the properties of 
this type of steel after quenching are not at present known. The 
reason for the effect of the aluminium addition is discussed. The 
relation between the physical size of the austenitic grain at the 
time of quenching and the hardenability is thought to be less 
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important than the effect of low-carbon austenitic areas which are 
present. 

Influence of Aluminium on Cast Corrosion-Resisting Steel. 
J. A. Duma. (American Society for Metals, Oct. 17-21, 1938, 
Preprint No. 10). The paper describes some of the effects of adding 
0-08-3-00°% of aluminium on the mechanical and corrosion-resisting 
properties of cast 20/10 chromium-nickel steel. The effect on the 
mechanical properties was studied by means of tensile, bend, hard- 
ness and impact tests. The liability to corrosion was tested in 
four of the common corroding media, namely, boiling 67% nitric 
acid, 4% sea salt spray, tidal river water, and 10% ferric chloride 
solution. An oxidation test was also performed. Photographic 
evidence regarding the effects of aluminium on both the macro- 
and micro-structures of this metal is presented. Studies of the 
response to heat treatment of aluminium-bearing corrosion-resisting 
steel are included. 

Effects of Special-Alloy Additions to Stainless Steels. R. Franks. 
(American Society for Metals, Oct. 17-21, 1938, Preprint No. 6). 
This paper presents a general consideration of the effects of the 
most important additions to stainless steels. The author points 
out that whilst stainless steels have served quite satisfactorily, the 
desire to widen their field of application has led to the use of special 
alloying elements. The best machining procedure for these steels 
is discussed, and the following points are dealt with: (a) The 
beneficial effects of nitrogen on the plain chromium steels; (b) the 
use of titanium and niobium to inhibit intergranular corrosion 
in the chromium-nickel steels; (c) the effects of molybdenum in 
retarding the development of pitting and contact corrosion. Data 
are presented on the effect of manganese in improving the hot- 
working characteristics of the modified chromium-nickel steels. 
In conclusion the author points out that such additions are not made 
to complicate the constitution of these steels, but to render them 
more serviceable to the industry. 

Effect of Aluminium on the Properties of Medium Carbon Cast 
Steel. C. E. Sims and F. B. Dahle. (Transactions of the American 
Foundrymen’s Association, 1938, vol. 46, Sept., pp. 65-103). The 
authors give an account of an investigation sponsored by the 
Aluminum Company of America, the object of which was to determine 
the conditions under which the beneficial effects of aluminium as a 
deoxidising agent for steel might be obtained without any loss in 
the ductility of the steel. The data obtained led to the following 
conclusions: (1) In the deoxidation of medium-carbon cast steel 
there is a critical quantity of aluminium which will produce minimum 
ductility and impact resistance. This critical quantity is the amount 
which will bring about complete deoxidation without leaving an 
appreciable excess. (2) It is the precipitation of the sulphide as a 
eutectic in the primary grain boundaries which causes the reduced 
ductility. (3) If insufficient amounts of aluminium are added, this 
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allows the sulphides to precipitate as globules without reducing the 
ductility, but such amounts do not deoxidise the steel. (4) If the 
amount of aluminium added is sufficient to leave an excess, alumin- 
ium sulphide will be formed, which lowers the solubility of the 
complex sulphides so much that they precipitate earlier as larger 
irregular masses, producing a ductility almost as high as it would 
have been without any addition of aluminium. (5) The more 
sulphur is present, the greater is the reduction in ductility, whether 
aluminium is used or not. (6) In the case of low-sulphur cast steels 
(below 0:025%) the addition of aluminium has practically no effect 
on the ductility, but it may increase the impact resistance. (7) Man- 
ganese up to 1-5% affects the strength, but has practically no effect on 
the ductility. (8) The effect of the quantity of aluminium added is 
greater than that of variations in furnace practice. (9) The addition 
of a slight excess of aluminium has practically no deleterious effect 
under certain controlled conditions, even with a high sulphur 
content. (10) The effect of the aluminium is often partially concealed 
by other factors affecting ductility, one of which is probably a type 
of embrittlement due to the presence of hydrogen. 

Vanadium in Cast Iron. (Alloy Metals Review, 1938, vol. 2, 
Sept., pp. 32-33). Some particulars are given of the beneficial 
effect of small additions of vanadium to cast iron, and a table shows 
the most suitable chemical compositions of vanadium irons for 28 
different applications. 

Alloy Steels Designed for Specific Uses. V.T. Malcolm. (Foundry, 
1938, vol. 66, July, pp. 32-33, 80, 83; Aug., pp. 28-29, 76-78 ; 
Sept., pp. 30-31, 65-66). The author classifies special steels into 
five groups, as follows: (1) Those of extra strength and toughness, 
which may be distinguished by their carbon content, heat treatment 
and the alloying element used. (2) Steels for resistance to wear ; 
to this group belong high- and medium-carbon, heat-treated steels. 
(3) Steels to resist creep and elevated temperatures. (4) Those for 
welding. (5) Those possessing good corrosion- and oxidation- 
resisting properties. In Part I. of this series the influence of 
additions of nickel, chromium, tungsten and molybdenum on the 
grain structure and physical properties is discussed at length, and 
a table shows the recommended chemical compositions of alloy- 
steel castings for various purposes. In Part II. the author considers 
the melting and casting technique, declaring that the success or 
failure of the preparation of special steels depends upon the consis- 
tency with which heats of the same composition are brought to a 
standard condition before the final additions are made. This 
condition is the violent boiling and frothing of the steel, which when 
poured from the electric furnace becomes flat and quiet. The 
influence of the composition, casting temperature and rate of pour- 
ing on the finished casting is also discussed in this part. The 
concluding section of this paper is devoted to a consideration of the 
many processes of heat treatment. In discussing the heat treat- 
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ment of alloy steels, the author points out that there is a wide gap 
between the beginning of the reaction on heating and the completion 
of the reversed action on cooling, and this indicates the slow manner 
in which the steel responds to heat treatment. A series of experi- 
ments carried out in order to obtain information as a basis for 
improving the technique of heat treatment produced interesting 
data respecting the factors which control the characteristic structural 
formation that is nearly always present in chromium steels contain- 
ing tungsten or molybdenum. The two factors governing the 
structural characteristics of these steels are temperature, which is 
of primary importance, and time, which is of lesser importance. 
The ideal structure of these steels is that of fine-grained martensite 
or sorbite without any visible network, and it was found that to 
ensure the absence of any harmful degree of network, any prolonged 
heating above 1600° F. must be avoided, and that a long period of 
heat-soaking is essential. The ideal treatment is therefore to heat- 
soak the material at a temperature slightly below the critical trans- 
formation point, and to follow this with a normal period of heating 
at just above the critical temperature, which will cause complete re- 
crystallisation and grain refinement with the minimum opportunity 
for segregation to occur. 

Alloys of Silver and Iron. C. G. Fink and V. 8. De Marchi. 
(Electrochemical Society, Oct., 1938, Preprint 74-25). With the 
aid of powder metallurgy, iron-rich iron-silver alloys were prepared. 
Ohmic resistance measurements show that silver alloys with iron. 
The maximum amount of silver found alloyed with iron was between 
0-5 and 1%. Further evidence that silver does alloy with iron is 
given by the fact that the ferrite grains of a 50/50 iron-silver alloy 
are stained by etching. This agrees with the similar observation 
made on copper-iron alloys. Corrosion studies of iron-silver alloys 
showed that small amounts of silver, up to about 1%, improved the 
resistance of iron to the corrosive action of 10% hydrochloric acid 
and 30% acetic acid. Iron containing small percentages of silver 
behaves very similarly to iron containing small amounts of copper. 

Cast-Iron Research and the Gas Industry. J.G. Pearce. (Fifty- 
seventh Annual General Meeting of the Institution of Gas Engineers : 
Foundry Trade Journal, 1938, vol. 59, Sept. 15, pp. 199-201; 
Sept. 22, pp. 216-217). After stating that the four properties of 
cast iron which are of main interest to the gas engineer are those 
concerning mechanical strength, heat-resistance, corrosion-resistance 
and wear- or erosion-resistance, the author devotes most of his paper 
to a discussion of the properties of various cast-iron alloys which 
have been developed to meet the needs of the gas industry. The 
action of hydrogen sulphide and sulphur dioxide on cast iron and 
the use of centrifugally cast gas mains are discussed at length. 

Some Modern Metallurgical Developments of Interest to the 
Engineer. F. C. Thompson. (Transactions of the Manchester 
Association of Engineers, 1937-38, pp. 311-338). The metallur- 
gical developments discussed in this paper include the manufacture 
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and properties of heat-resisting steels, steels which maintain high 
notched-bar impact values when used at low temperatures, the 
production of high-tensile cast irons by superheating the iron to 
remove the existing graphitic particles and then inoculating them 
with a material capable of producing new graphite centres on 
cooling, and the improvement in the heat-resisting properties of 
cast iron. The electrical and magnetic properties of steel alloys 
are considered in the concluding part of the paper. 

Strong Trend Towards Use of Steel in Airplane Construction. 
(Steel, 1938, vol. 103, Sept. 5, pp. 15-17, 90). In this discussion 
on the use of unalloyed and alloyed steels in aeroplane construction, 
the view is expressed that the advancements in the technique of 
making special stainless steels and in electric welding processes will 
lead to a further increase in the use of steel for this purpose. It is 
estimated in America that to make 4000 or 5000 aeroplanes per 
year would require about 5000 tons of stainless steel, in addition to 
a considerable tonnage of other steel alloys. 

Some Factors Influencing the Bond Between Concrete and 
Reinforcing Steel. R. E. Davis, E. H. Brown and J. W. Kelly. 
(American Society for Testing Materials, 1938, Preprint No. 68). 
Test results are presented which show that there is apparently no con- 
sistent relationship between the bond strength and the concrete com- 
pressive strength, but they seem to demonstrate that bond strength 
is largely influenced by the homogeneity of the paste in contact 
with the bar and by volumetric changes within the paste of the 
concrete surrounding the bar. It is shown that the bond strength 
varies greatly with the type of cement ; is less at initial slip for a rich 
concrete than a lean one; is less for horizontal than for vertical 
bars; is less for round than for square bars placed horizontally ; 
may be greatly increased either by delayed vibration or by jigging 
during the setting period of the cement; is greatly decreased by 
repetitions of freezing and thawing or of wetting and drying; is 
greater for dry concrete than for saturated concrete; and under a 
variety of conditions is substantially greater for cements ground 
with TDA than for corresponding untreated cements. (TDA is a 
mixture of tri-ethanol amine salts and highly purified soluble 
calcium salts of modified lignin sulphonic acids). 

Some Effects of Deoxidizers in Low Carbon-1:5°, Chromium 
Steel. W. Crafts and J. L. Lamont. (American Society for Metals, 
Oct. 17-21, 1938, Preprint No. 15). In order to determine the 
reasons for differences between the properties of similar fine-grained 
steels, the “‘ core” properties of 1-5°% chromium carburising steels 
treated with graduated amounts of aluminium, vanadium and 
zirconium have been investigated. Using the tensile strength and 
the distortion of a tuning-fork type of specimen as criteria for the 
hardening characteristics, it has been shown that the differences in 
properties result from changes in the mode of transformation of the 
austenite. The amount and kind of deoxidiser have been found 
not only to have an appreciable influence on the austenite trans- 








3944 PROPERTIES AND TESTS. 


formation in one section, but also to determine the differences 
betwéen: light and heavier sections. More accurate control and 
more desirable combinations of properties have, therefore, been 
shown to be obtainable by accurate control of the residual de- 
oxidiser content and the use of combinations of deoxidising elements. 

Nickel-Free Heat- and Creep-Resisting Steels. L. Ya. Liberman 
and P. L. Strelets. (Kachestvennya Stal, 1937, No. 4, pp. 11-21). 
(In Russian). This comprehensive study included investigations of a 
large number of properties of carbon-chromium-manganese steels, 
to which additions of copper and silicon; copper, silicon and 
aluminium ; silicon and molybdenum; silicon, aluminium and 
molybdenum ; copper, silicon, aluminium and molybdenum; and 
silicon and aluminium were made. In one case 0-56% of beryllium 
was added to the steel. After giving preliminary details of the 
compositions of the steels used, and the methods of melting and 
forging, data regarding the hardness of the steels after quenching 
from various temperatures, and particulars of results of dilatometric 
and metallographic analyses of the alloys are presented. Deter- 
minations of the mechanical properties of all the steels included 
tensile strength, yield point, elongation and reduction of area 
measurements at temperatures of up to 1000° C. and after heating 
for various periods of time. Melting, forging and heat treatment 
of all the steels investigated presented no difficulties. 

Chromium-Bearing Magnet Steel with 3% of Chromium. V. A. 
Erakhtin. (Kachestvennya Stal, 1937, No. 4, pp. 30-34). (In 
Russian). Steels containing 2-97-3-45°% of chromium and 0-87-1% 
of carbon were examined and, as the steels were intended as a sub- 
stitute for 6% tungsten magnet steel, their properties were in several 
instances compared with those of the latter. These steels were found 
to be subject to deterioration in the temperature range 650-900° C., 
probably owing to the coagulation of carbides. This deterioration 
could be corrected by suitable heat treatment, which could be 
combined with heating the steel prior to hot-working. Annealing for 
softening purposes after working should be carried out at 760—770° C., 
followed by cooling with the furnace or in the air. Other variants of 
annealing treatment were also developed. The annealed steel had 
a Brinell hardness of 255-229. The above heat treatment has, 
however, a deleterious effect on the magnetic properties. For 
bending bars into a horseshoe shape, heating to 700-750° C. is 
recommended. Suitably heat-treated steel, tested in a magnetic 
field of 500 oersted, was found to have a coercive force of 60 oersted 
and a residual inductance of 9500 gauss. 

British Standard Specification for Cast Iron Pipes (Vertically 
Cast) for Water, Gas and Sewage and Special Castings for Use There- 
with. (British Standards Institution, No. 78, Revised 1938). 

British Standard Specification for Ferrous Pipes and Piping 
Installations for and in Connection with Land Boilers. (British 
Standards Institution, No. 806—1938). 
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_ (Continued from pp. 324 4-328 a) 


A Method of Preparation of Metallographic Specimens. G. A. 
Ellinger and J. S. Acken. (American Society for Metals, Oct. 
17-21, 1938, Preprint No. 22). A lapping method for the prepara- 
tion of metallographic specimens has been successfully used at the 
National Bureau of Standards for several years. Intermediate 
preparation of specimens is done on a grooved lead-tin (50/50) 
disc in which emery has been embedded. V-shaped grooves arranged 
in a rectangular pattern serve to hold lubricants and to catch par- 
ticles of dislodged emery. Soft metals, and those containing non- 
metallic inclusions which are ordinarily considered difficult to 
prepare, have been polished by this method. Photographs of 
structures of lead, tin, silver, and graphite flakes in cast irons and non- 
metallic inclusions and other structural features in steels are shown 
as examples of the use of this technique. 

Automatic Polishing of Metallurgical Specimens Using Cast 
Iron and Lead Laps. T.C. Jarrett. (American Society for Metals, 
Oct. 17-21, 1938, Preprint No. 23). This paper describes a method 
of polishing metallurgical specimens using cast-iron and lead laps. 
Flatness, freedom from flow of metal and the retention of inclusions 
are highly important factors in polishing. The use of the method 
described here tends to accomplish these objectives, and results 
obtained by this method are given. 

A Numerical Comparison of the Segregation in Rolled Steel 
Sections. C.C.Teodorescu and S. Nadasan. (Fourth International 
Rail Congress, 1938, Session IV., Paper No. 3). The only means of 
estimating segregation available at the present time are the 
sulphur-printing methods of Heyn and Baumann. In this 
paper the author presents a numerical method of determining 
the degree of segregation. A silver-bromide print of the segregation 
is prepared, and from this a “transparency ” is made. The local 
degree of transparency of the latter is then determined by passing 
it between a standard lamp and a photo-electric cell. The readings 
of the millivoltmeter coupled in the cell circuit thus give a numerical 
indication of the degree of segregation at each point across the sur- 
face examined. The “scatter” of the results is relatively large, 
but the method is sufficiently accurate for practical purposes. 

Non-Destructive Testing by Gamma-Rays. J.G. Hall. (Foundry 
Trade Journal, 1938, vol. 59, Sept. 1, pp. 157-158). After ex- 
plaining the difference between X-rays and gamma-rays, the author 
describes the apparatus and the technique employed in the practice 
of gamma radiography. In discussing the measures for protecting 
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operators from the alpha-, beta- and gamma-rays emitted by radium, 
the author quotes from charts drawn up by the League of Nations 
Committee on Radium Protection. On the basis of a 24-hr. day 
and 250 days’ operation in a year, employing the services of an 
observer and a labourer, the cost of using gamma rays in metal- 
lurgy is estimated to be 12s. 6d. per hr., together with a total cost of 
under one penny per lb. of metal tested. 

The Examination of Rail Steels by X-Rays. E. Brandenberger. 
(Fourth International Rail Congress, 1938, Session II., Paper No. 4). 
An X-ray investigation of the entire cross-section of steel rails of 
normal hardness, of heat-treated and of compound steels is described 
by the author, who found that there were great differences both in 
the grain size and in the amount of lattice disturbance in the 
specimens tested. Whilst in one case the crystals in the head and 
in the flange of the rail were of equal size, in other rails not only 
the crystal size but also the amount of lattice disturbance varied 
across the section. Only a partial relationship between these 
properties and the method of producing the rails could be 
established. 

Crystallography and the Engineer. W. H. Bragg. (Trans- 
actions of the Manchester Association of Engineers, 1937-38, pp. 
349-357). The author discusses the use of X-rays to investigate 
the crystalline structure of four very different classes of substances— 
namely, metals, silicates, fibres and clays—and shows how the inti- 
mate knowledge of detail which the X-ray methods supply has helped 
to explain the properties of materials used by engineers. 

Possible Uses of Radio-Active Substances in the Testing of Metals. 
H. F. Kaiser. (American Society for Metals, Oct. 17-21, 1938, 
Preprint No. 20). Radio-active substances, in the capacity of 
indicators, are extensively used in several fields of research. This 
paper presents an attempt to estimate the possibilities and also the 
limitations in the use of radio-active indicator substances in the 
detection of defects in metallic materials and parts. Some pre- 
liminary experiments in this direction are described. 

X-Ray Investigations of Metals at Elevated Temperatures. 
H. Esser, W. Eilender and K. Bungardt. (Archiv fiir das Eisen- 
hiittenwesen, 1938, vol. 12, Sept., pp. 157-161). The authors 
describe a method of determining the lattice parameters and co- 
efficients of expansion of platinum, gold, silver, copper, aluminium, 
nickel and electrolytic iron by means of X-ray examinations at 
temperatures up to 1100° C. 

X-Ray Stress Measurements of Mild-Steel Bend-Test Specimens 
Stressed Above the Yield Point. F. Bollenrath and E. Schiedt. 
(Zeitschrift des Vereines deutscher Ingenieure, 1938, vol. 82, Sept. 
17, pp. 1094-1098). The authors describe an investigation in which 
X-ray measurements of the stresses in mild-steel specimens of different 
section while under bend-test were made. The results showed that 
whatever the shape of the section, the yield point under bending 
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stresses was no higher than that under tensile stress, and also 
that the areas stressed below the yield point and adjacent to the 
areas of movement absorbed the stresses which the latter areas 
could no longer take up. 

A Study of Intensifying Screens for Gamma-Ray Radiography. 
C. W. Briggs and R. A. Gezelius. (American Society for Testing 
Materials, 1938, Preprint No. 55). A number of different types of 
calcium tungstate intensifying screens were exposed to gamma-rays, 
and from the resulting film densities exposure charts were prepared. 
It was found that, when compared with the standard lead-foil 
intensifying screens, the calcium tungstate screens reduce the ex- 
posure time considerably. However, the intensity does not vary 
according to the inverse square law, and the sensitivity or definition 
cannot equal that which may be obtained with the lead-foil screens. 

Gamma-Ray Radiography. G. E. Doan and Shang-Shoa Young. 
(American Society for Testing Materials, 1938, Preprint No. 54). 
Certain similarities between radiographic exposures and solar eclipses 
are pointed out, and an equation based on these similarities is 
developed. This equation, if valid, would permit shorter source-to- 
film distances and substantially shorter exposure times than those 
now used. Experiments designed to test this equation confirm these 
expectations. The penumbral shadow plays a useful part in these 
short-range exposures. 

Factors Affecting Grain-Growth in Annealed Rivets. R. W. 
Sandelin. (Wire and Wire Products, 1938, vol. 13, July, pp. 344- 
353 ; Aug., pp. 399-404; Sept., pp. 455-458). The author finds that 
abnermal grain growth in annealed low-carbon steel rivets results 
principally from the combined effects of the degree of cold-work per- 
formed on the wire, the temperature and the duration of the anneal- 
ing; he demonstrates this by reference to a series of diagrams and 
data sheets which represent the results of a complete metallographic 
study of the subject. Assuming the wire to be cold-drawn to a state 
of critical strain, the coarsening tendency after subsequent anneal- 
ing depends in a measure upon the degree of strain. Certain con- 
ditions are conducive to coarseness in relatively short annealing 
intervals, whilst other conditions do not favour the same amount 
or degree of coarseness. Grain coarseness occurs to the greatest 
extent and degree in the outer portions of the shank of the rivet. 
The grain growth which occurs under the heads of the rivets results 
in a relatively narrow band of smaller-sized grains as compared with 
the coarsening which occurs in the outer portion of the shank. The 
effects of exaggerated grain growth are eliminated with resulting 
grain refinement when the rivets are heated to temperatures of 
1650° F. or higher. The strain existing in a rivet is a function of the 
amount of drafting performed upon the wire. This being the case, it 
is possible to adjust the amount of cold-working so that no grain 
coarsening will occur in subsequent commercial annealing operations. 
The detrimental effects of grain growth are, generally speaking, not 
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important until the excessive grain growth has passed completely or 
almost completely through the shank. When this occurs, the 
physical-strength values decrease slightly, but the shear strength is 
less affected than the tensile strength. The tensile, shear and 
hardness test data are fully discussed in the concluding part of the 
paper, and the author demonstrates that the hardness and tensile- 
strength curves, which show these properties in relation to the anneal- 
ing temperature, are in close agreement. 

Grain-Size in Chromium-Bearing Structural Steel. M. Braun, 
M. Durdo and N. Ivanov. (Kachestvennya Stal, 1937, No. 4, pp. 
39-43). (In Russian). A chromium steel with 0-8-1:1% of 
chromium and 0-35-0-45% of carbon was used for the investigation. 
The laboratory tests which were carried out showed that in tensile 
tests the grain size had practically no effect on the mechanical 
properties. In the impact tests the fine-grained steel gave slightly 
better values than the coarse-grained steel. After normalising and 
after quenching, fine-grained steel had a hardness about 25% below 
that of the coarse-grained material. On tempering, the hardness 
of the coarse- and fine-grained steel was the same. Some experiments 
were carried out with disc-shaped specimens, which showed that 
fine-grained steel quenched under the laboratory conditions had a 
much smaller tendency to buckle. In cylindrical specimens the 
decrease in hardness from the surface to the centre amounted to 
24-5% in coarse-grained and to 50-5% in fine-grained steel. Shafts 
made from the coarse-grained steel were much more readily machined 
and caused much less tool wear as compared with the fine-grained 
steel. 

Colour Carbon and Ageing. C. L. Shapiro. (American Society 
for Metals, Oct. 17-21, 1938, Preprint No. 21). In Part I. the 
colour carbon test for ascertaining the effects of thermal and mechan- 
ical treatment upon the size of the iron-carbide particles in iron and 
steel is discussed. The effects of ageing upon the size of these particles 
is also studied by using the same test, the results of which show that 
thermal or mechanical treatment causes them to increase in size. 
This indicates that the ageing of carbon steels is a process of precipi- 
tation and agglomeration. In Part II. an investigation is described 
which was made to determine the ageing characteristics of each of 
the constituents martensite, troostite, sorbite, pearlite and cementite. 
This investigation revealed that each had its individual character- 
istics, but in general the ageing is dependent upon (a) the amount 
of retained austenite, (b) the amount of carbon dissolved in the 
a-iron, (c) the size of the iron-carbide particles, (d) the time and 
temperature of tempering, and (e) the degree of mechanical deforma- 
tion remaining within or conferred upon the steel after the final heat 
treatment. The values obtained by this volumetric-colorimetric 
method of testing tend to become lower as the size of the dissolving 
particles becomes less, whereas in the volumetric-titration method 
they have the opposite tendency. 
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Graphitizing Rate and Nodule Number. H. A. Schwartz and 
M. K. Barnett. (American Society for Metals, Oct. 17-21, 1938, 
Preprint No. 16). The authors have investigated the question 
whether the graphitising rate in white iron is proportional to the 
nodule number. Only a qualitative confirmation was obtained. In 
general, the graphitising rate increases as a fractional power of the 
nodule number except under conditions so controlled that only 
moderate variations in the nodule number are possible. 

The Effect of Type of Cold-Deformation on the Recrystallisation 
Properties of Armco Iron. H. F. Kaiser and H. F. Taylor. (Ameri- 
can Society for Metals, Oct. 17-21, 1938, Preprint No. 17). The re- 
crystallisation of Armco iron cold-deformed by torsion, by elongation 
in tension, and by rolling, and subsequently annealed, was studied. 
During the investigation care was taken to keep the variable factors, 
apart from the type of deformation, as constant as possible. From 
the data obtained in each case a recrystallisation diagram was 
constructed. It was found possible to relate the critical degrees of 
deformation at any chosen annealing temperature for the three 
different types of cold-deformation by expressing the degree of 
deformation either in terms of specific shear or better (following 
Nadai) in terms of octahedral shear. Experiments on the effect of 
the time of annealing were also carried out. 

Magnetometric Analysis of the Transformation of Super- 
annealed Austenite in Three Types of Steel. E. S. Tovpenets. 
(Kachestvennya Stal, 1937, No. 4, pp. 35-38). (In Russian). 
This investigation was carried out on a specimen of chromium- 
molybdenum-vanadium steel and two specimens of chromium- 
nickel-molybdenum steel, and was designed to study the stability 
of the austenite at different supercooling temperatures. The 
magnetometric method of analysis was used to determine the effect 
of temperature to which the steels were heated and the times for 
which they were kept at these temperatures on the stability of the 
austenite. The effect of a second heating on the supercooled 
austenite was also studied. In all three steels three more or less 
clearly marked transformation periods were noticed, which consisted 
of an initial transformation period, during which transformation 
was comparatively slow, the period of intense decomposition of the 
main mass of the austenite and a final period in which decomposition 
gradually died away. These periods are clearly marked only if 
the whole process of decomposition is spread over a considerable time, 
whilst in short-time decomposition processes the three stages merge 
and become indistinguishable. 

A Study of the A, Point of Iron by Diffusion of Hydrogen. 
W. R. Ham and W. L. Rast. (Transactions of the American Society 
for Metals, 1938, vol. 26, Sept., pp. 885-902). By a study of the 
rate of diffusion of hydrogen through the metal, an investigation 
was made to ascertain the critical thermal points occurring between 
55° and 920° C. in samples of iron practically pure except for small 
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known amounts of carbon. Isobars for five samples obtained by 
plotting the logarithm of the rate of diffusion against the inverse of 
the absolute temperature exhibited characteristic discontinuities 
accompanied by hysteresis at the crystal structure transformation 
(As), at the magnetic transition (A,), and in the Ag region. 
Controlled decarburisation was effected by heat-treating carbony]- 
iron samples for known periods in hydrogen at 1100-1200° C. The 
amount of carbon remaining in solution after annealing was 
estimated from the slope of the linear isotherm at 500° C., obtained 
by plotting the logarithm of the rate of diffusion against that of the 
pressure. (The theoretical slope for pure iron is 0-5). Critical 
temperatures were recorded for samples having 500° C. isothermal 
slopes of 0-555, 0-550, 0-535 and 0-520. The last sample examined 
had the following critical points: Arg at 315-303° C., Ac, at 729- 
767° C., and Ac, at 902-908° C. The slopes of the linear isotherms 
showed anomalous behaviour in the Ay region. The temperature 
of the A, discontinuity was very sensitive to a change in carbon 
content, but apparently the discontinuity cannot be removed by 
complete decarburisation, and it is believed to be due to electronic 
rearrangement in the iron lattice. 

The Iron-Niobium System. R. Vogel and R. Ergang. (Archiv 
fiir das EKisenhiittenwesen, 1938, vol. 12, Sept., pp. 155-156). A 
thermal and microscopic investigation of the iron-niobium system 
up to 85% niobium is described. 

The Iron/Iron-Tungstide/Iron-Titanide System. R. Vogel and 
R. Ergang. (Archiv fiir das Kisenhiittenwesen, 1938, vol. 12, Sept., 
pp. 149-153). An investigation of the structure at different 
temperatures of the iron-tungsten-titanium system up to tungsten 
50% and titanium 25% is described. 

Scientific Problems Confronting Metallurgical Laboratories. 
K. Fischer. (Metallwirtschaft, 1938, vol. 17, July 8, pp. 733- 
738). The author discusses the problems now being attacked by 
German investigators in their efforts to find substitutes for imported 
metals and to reduce the consumption of home-produced metals, and 
studies the applications of methods recently developed with this 
object. These methods include spectrum analysis, X-ray testing, 
super-sonic excitation, mechanical, electrical and microchemical 
methods of testing and the use of measuring instruments. 

The Sir Robert Hadfield Metallurgical Laboratories at Sheffield 
University. (Iron and Coal Trades Review, 1938, vol. 137, Sept. 16, 
pp. 438-440: Foundry Trade Journal, 1938, vol. 59, Sept. 22, pp. 
213-215: Engineering, 1938, vol. 146, Sept. 23, pp. 362-363). An 
illustrated description is given of the recently opened metallurgical 
laboratories at Sheffield University. The equipment includes a 
foundry for the production of castings in steel, cast iron and 
non-ferrous metals up to half a ton in weight. The reconstruction 
and enlargement of these laboratories were made possible by the 
generosity of Sir Robert Hadfield, Bart., F.R.S. 
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CORROSION OF IRON AND STEEL 





(Continued from pp. 329 a-332 a) 


Corrosion of Metals. (Report of the Chemistry Research Board 
of the Department of Scientific and Industrial Research for the 
Three Years ending Dec. 31, 1937, pp. 8-26). The report includes 
the results of a systematic investigation with specimens of mild 
steel in atmospheres of controlled composition, relative humidity 
and temperature, and the conclusions are considered under two 
headings: (1) The Primary Film of Oxide. Marked differences in 
the properties of the oxide film are observed according to whether 
this film is produced above or below a critical temperature of very 
nearly 200° C. Above this temperature the familiar sequence of 
“temper colours ” rapidly develops ; at lower temperatures there is 
either no colour change or no more than a pale brown develops at the 
higher limits. The relationships between rate of oxidation and 
temperature, and between the oxide-film thickness and time are 
also discussed under this heading. (2) The Secondary Rust. In 
purified air of high relative humidity, rusting of mild steel proceeds 
extremely slowly from isolated centres and the rate of attack 
decreases with time. The extent of rusting is still further reduced 
if the higher humidities are approached gradually from zero. In 
the presence of traces of sulphur dioxide, when the relative humidity 
is gradually increased from zero, the metal remains bright in the 
early stages. At approximately 50% relative humidity there is a 
marked increase in weight. At approximately 80% relative 
humidity there is a still more pronounced increase in the rate of 
attack. The primary critical humidity probably marks the 
optimum relationship between water vapour, oxygen and sulphur 
dioxide for rusting to commence; the secondary critical humidity 
depends only on the properties of the initially formed rust, probably 
associated with its gel structure, and is independent of the presence 
of sulphur dioxide. 

The second part of the report on corrosion is devoted to the 
corrosion of immersed metals. A comparison was made of the 
corrosion rates of purified iron, acid mild steel, basic mild steel, 
0-9% carbon steel, wrought iron and an impure high-sulphur steel, 
in N/2 sodium chloride, V/10 potassium chloride, natural sea-water, 
and Teddington tap-water, beneath an atmosphere of oxygen 
in vessels 9-4 cm. in dia. For any single liquid, over periods up 
to 500 days, there were no appreciable differences in the corrosion 
rates, except that usually the wrought iron, and sometimes the 
high-sulphur steel, corroded less rapidly than the other materials. 
For any given material the corrosion rates decreased in the following 
order: N/10 potassium chloride, N/2 sodium chloride, Teddington 
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tap-water, sea-water. In conclusion some technical investigations 
on the corrosion of steel locomotive boiler tubes, and on corrosion 
in an artesian well supply system are described. 

A Survey of the Corrosion of Iron and its Prevention. E. Feil. 
(Giesserei, 1938, vol. 25, Aug. 26, pp. 417-424). After surveying 
the work of numerous investigators on the causes of corrosion in 
general and of that of underground cast-iron pipes in particular, the 
author proceeds to a discussion of the usual methods adopted to 
combat it, describing several laboratory tests of coatings, with 
particular reference to those made from the by-products of coal. 

Passivity of Iron to Natural Waters. U. R. Evans. (Nature, 
1938, vol. 142, July 23, pp. 160-161). The author notes some 
observations on experiments conducted at the Cambridge University 
Metallurgical Laboratories in order to find means of rendering iron 
passive in natural waters. These experiments indicated that: (1) 
The film present on iron rendered passive in chromate appears to 
be the air-formed film with its weakest places fortified with 
chromium oxide. (2) The coarser the grinding of an iron surface, 
the longer is the time required to produce passivity. (3) Susceptibility 
to corrosion, as judged by statistical studies, varies from spot to 
spot and is influenced by chemical character. Following these 
indications, specimens of iron and mild steel 18 mm. square were 
prepared by (a) preliminary abrasion, followed by (b) the etching 
away of the shattered metal which is difficult to render passive, 
and finally (c) treatment in a solution containing chlorides and 
chromates in amounts adjusted to eat away specially susceptible 
spots while leaving the remainder passive. These specimens have 
been preserved in various natural waters, and have only produced 
a rusty colour in the water after periods of the order of 100 times 
those required with untreated metal. In the concluding part of 
this article the author discusses the behaviour of passive iron when 
scratched. 

Corrosion and Erosion in River and Harbour Structures. F. 
Dieffenbach. (Industrial and Engineering Chemistry, 1938, vol. 
30, Sept., pp. 1014-1020). After describing the Monongahela river 
as one of the most acid-polluted rivers of the United States, the 
author quotes some examples of the corrosion suffered by various 
steel structures and machinery in contact with it, and discusses the 
measures adopted by the authority responsible for navigation to 
combat it. The full specifications are given for a China wood and 
varnish oil paint fortified by polymerisation with phenol-formalde- 
hyde resin, which the river authority found most suitable for the 
protection of ordinary iron and steel structures. In the concluding 
part of this paper the author describes a form of accelerated 
corrosion test in which the specimens are suspended in a tank; a 
pump circulates a mixture of sulphuric acid solution and some sharp 
river sand which passes through nozzles and impinges on the 
specimens. 





iii a 

















SOR He as 








CORROSION OF IRON AND STEEL. 403 A 


Metals in Chemical Industry—lIron and Steel. F. L. LaQue. 
(Canadian Chemistry and Process Industries, 1938, vol. 22, Aug., 
pp. 367-369). The author reviews the corrosion-resistance proper- 
ties of cast iron, wrought iron and steel, and discusses the purposes 
for which they are used in the chemical industry. Iron and steel 
may be used for vessels and plant in contact with sulphuric acid in 
concentrations exceeding 70°. In fuming sulphuric acid cast iron 
may be embrittled, and steel is therefore preferred. If the sulphuric 
acid is below 60% concentration, however, it is very corrosive to 
both iron and steel, and it is therefore necessary to remember that 
strong acid may become diluted below the safety-point by absorbing 
moisture from the air. Iron and steel are both fairly resistant to 
nitric acid in concentrations of about 65-70% and to mixtures of 
concentrated nitric and sulphuric acids. Other applications of iron 
and steel, both alloyed and unalloyed, include plant for the artificial 
silk industry, ammonia synthesis and for the manufacture of soap. 

A Method for the Embrittlement Testing of Boiler Waters. F. 
G. Straub and T. A. Bradbury. (American Society for Testing 
Materials, June-July, 1938, Preprint No. 100). A method for 
testing samples of boiler water in which embrittlement is produced 
in a piece of boiler steel, has been devised. This method of testing 
simulates boiler operation and eliminates several assumptions 
heretofore made. As a result of tests made on a large number of 
boiler-water samples from boilers operating between 150 and 1400 
lb. pressure, conclusions have been reached relative to water 
treatment for the prevention of embrittlement. It has been found 
that the presence of sodium chloride aids sodium sulphate in 
preventing embrittlement at pressures up to 350 lb. At steam 
pressures above 350 lb., sodium sulphate has practically no 
inhibiting action, but small amounts of aluminate are very effective 
in this range. Utilisation of these results is being made in several 
power plants. 

Anodic and Ordinary Corrosion of Ferrous Metals in Various 
Acids. R.R. Rogers and E. Bloom, jun. (Electrochemical Society, 
Oct., 1938, Preprint 74-22). Samples of ordinary, cold-rolled, low- 
carbon steel, 18/8 chromium-nickel steel, 14% chromium iron, 
Silerome RA metal (chromium 16%, copper 1-25%, silicon 1-25%, 
low carbon), Duriron (silicon 145%, carbon 0:8%, manganese 
0-35%) and Durichlor (silicon 145%, molybdenum 3%) were 
treated by simple immersion and also anodically in hydrochloric, 
sulphuric, nitric and phosphoric acids of different concentrations. 
These treatments took place both at room temperature and at 
60°C. The average loss in weight of each sample per unit of time 
was determined. In the case of the anodic treatments, the cell 
voltage was recorded. The numerical data are so arranged that 
the results obtained under any one set of conditions may be 
compared readily with those obtained under any other set of 
conditions. A brief discussion is given of some of the factors 
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which affect the rate of anodic and ordinary corrosion of metals in 
acids. 

Some Observations on the Passivity of Stainless Steels. J. N. 
Ostrofsky. (American Society for Metals, Oct. 17-21, 1938, Pre- 
print No. 8). Treatment of stainless steel with strong nitric acid 
as a final stage of processing has long been practised in order to 
remove surface contamination and promote a passive surface 
condition. Various passivity-activity border-line corrosion conditions 
were used in this work to study the extent of the benefits derived 
from such treatments. It was found that strong nitric acid acted 
primarily as a cleaner, but had some value as a passivifying agent. 
Better films were developed by very weak boiling nitric acid. 
Under some conditions of corrosion, particularly where pitting was 
involved, dichromate solutions gave excellent results. Dichromates 
were also added to the weak nitric acid solutions to prevent the 
etching of lower-chromium-content stainless steels. Nitric-hydro- 
fluoric acid mixtures appeared to activate stainless steel surfaces, 
and the activity persisted in part for some time. 

Stress-Corrosion Cracking in Austenitic Stainless Steels. S. L. 
Hoyt and M. A. Scheil. (American Society for Metals, Oct. 17-21, 
1938, Preprint No. 7). This paper summarises the results of a series 
of corrosion tests made on different types of austenitic stainless 
steels. The authors discuss the use of a new test which they have 
employed to determine the stress-cracking tendencies of the austenitic 
stainless steels. The test combines heat treatment, which may arise 
from the necessity of heating, forming and welding, with stress, 
which may be present in assemblies fabricated from these alloys. 

The actual formation of open cracks in chemical equipment was 
studied and laboratory stress-corrosion tests were made to duplicate 
the conditions of service which affect the tendency to cracking. 
Stress-corrosion cracking is shown to be intergranular in nature, 
although the susceptibility to intergranular attack is not always 
sufficient to produce cracking. 

This variable behaviour is discussed, and is believed to be due to 
some quality or characteristic of the steel in the as-received condition. 

The authors failed to produce stress cracking in stabilised alloys 
or in properly quenched austenitic stainless steels. 

Influence of Chromium, Silicon and Aluminium on the Oxidation- 
Resistance of Intermediate Alloy Steels. A. E. White, C. L. Clark 
and C. H. McCollam. (American Society for Metals, Oct. 17-21, 
1938, Preprint No. 9). This paper presents the results of an investi- 
gation undertaken to determine the influence of chromium, silicon 
and aluminium on the oxidation-resistance of intermediate alloy 
steels. It is shown that by the proper combination of these elements 
a high degree of oxidation-resistance can be obtained at temperatures 
as high as 815-955° C. Both silicon and aluminium were found to 
be more effective than chromium in imparting oxidation-resistance, 
provided that chromium was also present. In fact the experimental 
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findings indicate that silicon is seven times, and aluminium four 
times, as effective as chromium under the given test conditions. 

Chemical and microscopic examination of certain of the scaled 
specimens substantiated the theory that the increased oxidation- 
resistance produced by the addition of these elements is caused by 
their increased concentration as oxides in the inner scale layer, 
which becomes impermeable and adherent to the surface of the steel. 

A Comparison of Corrosion Tests on Rail Steels. J. Friedli. 
(Fourth International Rail Congress, 1938, Session V., Paper No. 5). 
The author discusses the results of a number of corrosion tests on 
rails of ordinary, compound and heat-treated steel in tunnel atmo- 
spheres and in the open air. In all cases the corrosion loss was 
greater in the former than in the latter. It was found that the 
corrosion-retarding effect of the addition of copper in the open-air 
test became evident when the copper content was from 0-15 to 
0-27%. Both in tunnels and in the open, low-carbon steels and 
alloy steels suffered more corrosion than medium- and high-carbon 
steels. Four years’ observation of the corrosion in atmospheres 
free from smoke showed that hard steels with a uniform eutectoid 
structure corroded at a lower rate than the other qualities tested. 
Heat-treated steel rails, especially those having a sorbitic structure, 
corroded rapidly in the open, but were superior to untreated steels 
in tunnels. In experiments consisting of alternate immersion in 
distilled water and water containing gypsum, the tests had to be 
continued for a very long time before any difference in the corrosion 
rates of the various steels was apparent. 

The White Layer Structure in the Erosion of Machine-Gun 
Barrels. W. H. Snair and W. P. Wood. (American Society for 
Metals, Oct. 17-21, 1938, Preprint No. 18). The nature of the white 
layer formed during the erosion of machine-gun barrels has been 
studied. Two explanations of the nature of this layer have been 
advanced by others who have studied this effect. One view is that 
the layer consists of martensite, whilst the other is that the layer is 
the result of a nitriding action. In the present investigation the 
constitution of the layer has been studied by metallographic means 
and the use of X-rays. All the evidence thus obtained indicated 
the presence of nitrides. Finally, it was found that by duplicating 
the probable temperature conditions in the gun-barrel, it was 
possible to produce a layer apparently identical with the one 
observed in eroded gun-barrels. The conclusion seems justifiable, 
therefore, that this layer consists of nitrides in solution and not 
of martensite. 

An Investigation into the Causes and Prevention of the Corrosion 
of Tar Stills. D. D. Pratt, H. C. K. Ison and R. G. Wood. (Depart- 
ment of Scientific and Industrial Research, Chemistry Research, 
Special Report No. 4, London, 1938). Investigations carried out 
at the Chemical Research Laboratory on the problems of corrosion 
of tar stills had the following main objectives : (a) The identification 
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and the isolation, wherever possible, of tar constituents responsible 
for corrosion ; (b) the suggestion of means whereby such corrosion 
could be either reduced or eliminated. The materials used in the 
research were coke-oven tar, two types of vertical-retort tar and a 
low-temperature tar. Corrosion tests were carried out on mild-steel 
strips and were, where necessary, confirmed by distillations in 
experimental stills constructed of the same material. The foregoing 
tars were separated into major constituents by methods previously 
developed in the Teddington Laboratories which reduce thermal 
decomposition to a minimum, and after a thorough examination of 
these fractions it was proved that the benzene-soluble resinols are 
the constituents most active in promoting corrosion at high tempera- 
tures. In the presence of ammonium chloride the activity of these 
materials is intensified. It is difficult to visualise any chemical 
treatment of tar which would neutralise or destroy the corrosive 
tendencies of resinols. Since, however, corrosion is experienced 
only at higher ranges of temperature, distillations have been carried 
out under reduced pressure and at temperatures up to, but not 
exceeding, 300°C. Under these conditions corrosion losses are 
substantially reduced without any diminution in the quantity of 
distillate. A technique has been explored whereby the amorphous 
resinoids are precipitated, leaving for distillation only the oily 
fractions of the tar. A long series of distillations in experimental 
stills has been carried out on the petroleum extract of a corrosive 
tar, and it has been established that the corrosion caused by this 
fraction is much less than that manifested when a so-called “ non- 
corrosive ’’ tar is distilled. The precipitation of tar resinoids in 
general is most rapidly effected by the use of a colloid mill, by means 
of which a mixture of tar with three times its volume of light 
petroleum is readily separated into a lower layer of resinoids and 
an upper layer consisting of tar oils dissolved in the separating 
medium. An alternative medium is available in the most volatile 
oils from low-temperature carbonisation. Such oils would be of 
particular service to distillers who work up low-temperature tars. 
Failing methods such as the foregoing process based on the prelim- 
inary treatment of tars, a solution to the problem of corrosion of 
stills must lie in the direction of finding a constructional material 
which will withstand the action of the corrosive constituents of tars, 
namely, the resinols, either with or without the joint attack of 
ammonium chloride. Efforts made to develop a protective coating 
for mild steel were unavailing, but experiments showed that nickel- 
chromium steels containing 2-5% of nickel and 0-6% of chromium 
were moderately resistant to the action of resinols, while the 
stainless steels tested were quite unattacked. Alloys consisting of 
80/14/6 nickel-chromium-iron and of 60/40 nickel-copper were also 
very resistant. 

Canning—The Corrosion of Tin and the Corrosion of Aluminium. 
J. M. Bryan. (Department of Scientific and Industrial Research, 
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Report of the Food Investigation Board for the Year 1937, 
Section VII., pp. 199-207). The effect of variations in the rate of 
bubbling air and oxygen through N/10 citric acid on the corrosion 
of tin, the corrosion of aluminium by citric acid and the corrosion 
of both these metals by oxalic acid are reported. 

Laboratory Corrosion Tests on the Steel Base of Tinplate in 
Relation to the Storage Life of Canned Fruit. W. E. Rhodes. 
(Journal of the Society of Chemical Industry, 1938, vol. 57, Sept., 
pp. 315-319). The rate of formation of swellings in fruit cans due to 
hydrogen is largely dependent upon the corrodibility of the steel 
base from which the containers are manufactured. Laboratory 
tests of the corrosion of the steel base in dilute citric acid solutions 
give some indication of the subsequent storage life of the container, 
but a closer correlation is obtained by using fruit juices as corrosion 
media. The results of laboratory tests and canning trials may be 
vitiated if the variability of the steel under consideration is great. 
In view of this, it is advisible to select a uniform type of steel base 
for all experiments in which other variables are in question. 
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(Continued from pp. 251 a—252 a) 


Microchemical Analysis, its Importance and Application in 
Modern Iron- and Steel-works Laboratories. P. Klinger. (Archiv 
fiir das Eisenhiittenwesen, 1938, vol. 12, Aug., pp. 65-68). (See 
p- 251 a). 

Rapid Methods of Microchemical Analysis for the Determination 
of Phosphorus, Chromium and Aluminium in Steel. W. Koch. 
(Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Aug., pp. 69-77). 
(See p. 251 A). 

The Microchemistry of Welds. A. Leroy. (Revue de la Soudure 
Autogéne, 1938, vol. 30, June, pp. 415-417). The author describes 
a photoelectric colorimeter which can be used to determine the 
composition of minute quantities of metal which weigh as little as 
0-001 g. The application of this instrument to the study of weld 
metal is discussed. 

The Effect of the Size of the Specimen and of the Dependency 
of the Line Intensity on the Excitation on the Mean Errors in 
Spectrum Analysis. G.Thanheiser and J. Heyes. (Mitteilungen aus 
dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 
13, pp. 153-166: Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, 
Sept., pp. 127-132). The effects of the diameter of the electrode and 
the selection of the line pairs on the magnitude of the mean variations 
in spectrum analysis were investigated. The material tested was a 
steel containing carbon 0-23%, nickel 2-°75% and chromium 0-68%, 
and the electrodes used were from 1 to 36 mm. in dia. The spectro- 
graphs obtained were measured photometrically. The smallest 
variations of the intensity relationship were produced by electrodes 
of from 3 to 5 mm. 

Quantitative Spectrum Analysis with Particular Reference to the 
Determination of Vanadium in Steel. J. Wilken. (Archiv fiir das 
Kisenhiittenwesen, 1938, vol. 12, Sept., pp. 133-140). As it has 
been found that there is no consistency in the differences in results 
given by spectrum and chemical analyses, the author undertook an 
investigation to determine what are the conditions essential to 
spectrum analysis to ensure accurate results. In this paper he 
describes the instruments used and explains the calculations neces- 
sary for the evaluation of the results obtained. Line pairs suitable 
for determining the percentage of vanadium in steel are defined. 

Chemical Analysis by X-Ray Diffraction. J. D. Hanawalt, 
H. W. Rinn and L. K. Frevel. (Industrial and Engineering Chem- 
istry, 1938, vol. 30, Sept. 15, pp. 457-467). This paper supplies 
tabulated data on the diffraction patterns of 1000 chemical sub- 
stances, and explains a scheme of classification which makes avail- 
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able for routine use in the chemical laboratory the Hull method of 
X-ray analysis. Hull has stated that his method is based on the 
following principles: (1) Every crystalline substance gives a pattern ; 
(2) the same substance always gives the same pattern; and (3) ina 
mixture, each substance produces its pattern independently of the 
others, so that the photograph obtained in the case of a mixture is 
the superimposed sum of the photographs that would be obtained by 
exposing each of the components separately for the same length of 
time. This applies quantitatively to the intensities of the lines 
(provided that absorption is negligible for each of the components), 
as well as to their positions. The Dow Chemical Co. has now developed 
a system of classifying the thousands of patterns representing the 
thousands of different chemical substances in such a way that they 
may be easily used for the identification of an unknown, even when 
the unknown is a mixture of substances. A survey is also given of the 
apparatus required for X-ray diffraction analysis, and the technique 
of obtaining the patterns and the method of interpreting them are 
described. 

The Use of the Lovibond Tintometer in Colorimetric Analysis as 
Applied to Steel. B.Bagshawe. (Journal of the Society of Chemical 
Industry, 1938, vol. 57, Aug., pp. 260-265). The rapidly increasing 
variety and complexity of ferrous alloys, together with the more 
frequent demands made on the steel chemist to examine highly 
alloyed steels for traces of impurities, has led to a wider use of 
colorimetric methods in routine steel analysis. The usually adopted 
method, consisting of ordinary visual comparison in open Nessler 
cylinders, possesses many disadvantages, of which the most impor- 
tant is the difficulty of obtaining and maintaining absolutely 
standardised conditions. Unless carefully calibrated, standard 
solutions of the element under test are a frequent source of error 
and their preparation is an inconvenience in rapid routine analysis. 
An attempt has been made to work out standardised procedures 
which eliminate the necessity for the standard comparison solution 
and permit rapid repetition analyses to be made with a consistently 
high degree of accuracy under uniform conditions. A Lovibond 
tintometer has been used for colour measurement. Curves for the 
determination of chromium, copper and titanium in steel have been 
worked out, and details of separation methods and general analytical 
procedure are included. 

Determination of Oxygen in Alloy Steels. J. G. Thompson and 
V. C. F. Holm. (Journal of Research of the National Bureau of 
Standards, 1938, vol. 21, July, pp. 87-93). The authors describe 
and compare the vacuum-fusion and the hydrogen-reduction methods 
of determining the oxygen content of steels. It was found that the 
former method was more susceptible to interference by vapours of 
aluminium or manganese than the latter, and that the range of 
applicability of the hydrogen-reduction method was less than that 
of the former method. 
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Hydrogen-Reduction Method for the Determination of Oxygen in 
Steel. J. G. Thompson and V. C. F. Holm. (Journal of Research 
of the National Bureau of Standards, 1938, vol. 21, July, pp. 79-86). 
The authors describe a modified hydrogen-reduction method which 
they used to determine the total oxygen content of several plain 
carbon steels, including some which contained small amounts of 
alumina and silica. The results thus ascertained were too low when 
larger amounts of alumina were present. It was found that this 
method was not applicable for determining the oxygen. content of 
open-hearth iron because of the inability to separate the surface 
oxygen from that contained in the body. 

A New Method for the Rapid Determination of Carbon in Samples 
of Plain Carbon Open-Hearth Steel. B. A. Rogers, K. Wentzel and 
J. P. Riott. (American Society for Metals, Oct. 17-21, 1938, Pre- 
print No. 24). A new method has been developed for the determina- 
tion of the amount of carbon present in samples of plain carbon steel 
taken from the open-hearth furnace. This method depends upon 
the measurement of the coercive force of small ingots of killed metal 
poured from a sampling spoon. The magnetic measurements are 
made in a coercimeter, which is a very simple device for determining 
this particular magnetic property. In practice it is sufficient to 
measure the coercive current, and in this report the relationship 
between the coercive current and the carbon content is shown by 
means of a graph. 

Inclusions in High-Carbon Iron—Extraction of Oxide—Electro- 
lytic Iodine Method. F.W. Scott. (Metals and Alloys, 1938, vol. 9, 
July, pp. 171-174; Aug., pp. 201-206). The author reviews briefly 
some of the methods of determining the inclusions in cast iron, and 
elaborates on the electrolytic iodine method. The principle of this 
method of oxide extraction is the same as the simple solution 
extraction of oxides, in that the metallic constituents are separated 
from the non-metallic, and the oxides are determined in the non- 
metallic residue. The sample to be tested forms the anode in the 
cell, and the electrolyte should be such as will decompose all other 
non-metallics with the exception of the oxides. The oxide residue 
has then to be washed to remove any contaminating material, and 
is then analysed. The author claims the following advantages for 
the electrolytic method of studying the oxides in pig and cast irons : 
(1) A large and therefore more representative sample is obtained ; 
(2) the composition of the oxides may be determined on the larger 
residue by standard analytical procedures; (3) the equipment is 
inexpensive, and the cost of chemical reagents moderate ; (4) con- 
sistent results are obtainable on all carbon ranges. 

Non-Metallic Inclusions in Alloy Steels. N. Leve, I. Malashenko 
and M. Shapiro. (Stal, 1937, No. 10, pp. 37-51). (In Russian). 
A study was made of methods suitable for the determination of non- 
metallic inclusions in chromium, molybdenum, nickel and silicon 
alloy steels. It was found that the chlorine method was the most 
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reliable for the determination of non-metallic inclusions in silicon 
steels. Results obtained for these steels by the electrolytic method 
tended to give low values for the FeO content; this method was 
found suitable for the separation of all oxide inclusions in chromium 
steels. For the latter the chlorine method is suitable only for the 
separation of Cr,0,, SiO, and Al,O, for their qualitative estimation. 
Slag inclusions in molybdenum steels should be determined by the 
electrolytic method ; chlorine cannot be recommended at all for use 
with molybdenum-bearing steels. Oxides of nickel, either free 
or in combination with other constituents, were not detected in 
chromium-nickel steel. Chemical methods for the quantitative 
analysis of slag inclusions separated from alloy steels and of carbides 
in chromium and chromium-molybdenum steels were developed. 
Finally, an extensive microscopic examination of non-metallic 
inclusions after their separation from the different alloy steels was 
made, a large number of the photomicrographs being reproduced. 
The appearance, size and chemical properties (solubility in various 
reagents) of the inclusions are summarised in tabular form. 

Determination of Boron in Steel and Cast Iron. J. L. Hague and 
H. A. Bright. (Journal of Research of the National Bureau of 
Standards, 1938, vol. 21, Aug., pp. 125-130). The authors describe 
a method for the determination of small amounts of boron in steels 
and irons. The procedure calls for (1) treating the sample with 
hydrochloric acid followed by oxidation ¥ th hydrogen peroxide, 
(2) the distillation of methyl borate, and (3) the titration of boric acid 
with sodium hydroxide in the presence of mannite. Selenium and 
tellurium do not affect the result, but germanium, an unimportant 
constituent rarely present in ferrous alloys, causes small positive 
errors. The authors also show how to test any material insoluble in 
acid for boron. The method here described can be used to determine 
within + 0-002% the amount of boron in iron and steels containing 
from 0-005 to 0:1% of that element. 

Determination of Boron in Steel by Special Organic Reagents. 
H. A. Kar. (Metals and Alloys, 1938, vol. 9, July, pp. 175-177). 
After reviewing former methods of determining the percentage of 
boron in steel, the author describes in detail the procedure to follow 
when making the quinalizarin and curcumine tests. 

The Determination of Aluminium in CastIron. E. Taylor-Austin. 
(Analyst, 1938, vol. 63, Aug., pp. 566-592). After reviewing early 
methods of determining the amount of aluminium present in cast 
iron and ferro-alloys the author gives an account of his investigation 
of the accuracy of the 8-hydroxyquinoline method recently introduced 
into inorganic chemistry by Berg and his co-workers. He found that 
this method is capable of yielding results of a very high standard of 
accuracy for a wide range of aluminium content (0-05-14%), pro- 
vided that certain conditions and modifications described are strictly 
adhered to. The special precautions to be taken when chromium 
is present are also described. After extensive trials the author is of 
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the opinion that the 8-hydroxyquinoline method is the most accurate 
yet devised for the determination of aluminium in cast iron and 
ferrous metals. 

A Review of Standard Methods Used in Various Countries for 
Sampling and Analysis of Solid Fuels. A. C. Fieldner and W. A. 
Selvig. (Fuel in Science and Practice, 1938, vol. 17, Sept., pp. 
266-271). 

A Semi-Micro Method for the Determination of Nitrogen in Coke 
by Gasification in Steam. A. E. Beet and R. Belcher. (Fuel in 
Science and Practice, 1938, vol. 17, June, pp. 175-176). The 
authors describe a method of determining the quantity of nitrogen 
in coke which uses only 0-1 g. of coke and takes only about 40 min. 
The procedure is in two stages : (a) Gasification in steam and collec- 
tion of the ammonia formed in dilute sulphuric acid, and (5) distilla- 
tion and determination of the ammonia by titration. The results 
obtained by this method were in close agreement with those obtained 
by both the Kjeldahl and the steam gasification macro-methods, 
which use 1 g. of coke. 
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BOOK NOTICE 





(Continued from pp. 333 A—-335 a) 


Gatty, O., and E. C. R. Spooner. “The Electrode Potential 


Behaviour of Corroding Metals in Aqueous Solutions.’’ 8vo. 
pp. xi + 504. Illustrated. Oxford, 1938, Clarendon Press ; 
London: Oxford University Press (Humphrey Milford). 
(Price 25s.) 


This remarkable work is worthy of the closest study by all interested 
in the corrosion of metals, and in electrochemistry generally. Unlike 
the usual monograph, it consists largely of original research published 
for the first time. The authors have felt that an adequate treatment 
of their large field could not well have been given in a series of short 
papers in the scientific journals owing to the immense amount of 
intricate yet important detail that they and other workers have 
collected. It must be said at once that they have, by publication of 
their work in book form, succeeded outstandingly in presenting a very 
difficult subject as a homogeneous whole; and by merging the view- 
points of workers on corrosion, electrochemical thermodynamics, and 
electrode kinetics, they have been able to paint a general picture that 
is of the greatest significance in all these fields. 

The book begins with a section on general theory, which some 
readers may find heavy reading, owing to the authors’ determination 
not to gloss over any relevant detail of their complicated task. Then 
follow sections on the electrode-potential behaviour of mercury, lead, 
silver, copper, iron, antimony, arsenic, tungsten, cadmium, zine and 
magnesium (with notes on other related metals), in aerated and air- 
free corroding media, which include acid, alkaline and neutral conditions. 
In these sections innumerable experiments of the authors and of other 
workers are recorded, correlated and used to fortify the general 
theories. The book is completed by lengthy appendices dealing with 
recent work on over-voltage, tarnishing, the dropping mercury electrode 
and several other kindred subjects, in a very lively manner. 

The section on iron is especially valuable. Many of the peculiar 
corrosion phenomena exhibited by the metal are explained; the authors’ 
novel theory of an almost complete monolayer of hydrogen (atomic or 
molecular) on the surface of corroding iron (in acid solutions) accounts 
for many phenomena hitherto perplexing. This so-called ‘‘ hydride ” 
film, which the authors postulate for other metals also—e.g., nickel and 
cadmium—may prove to be as important as the well-known oxide 
films that play so great a part in corrosion by neutral solutions. It 
may also have considerable bearing on the diffusion of hydrogen through 
iron, a topic on which the authors have, surprisingly, little to say. 

A few criticisms of detail ought to be made. Thus on p. 119 
(footnote) it is stated that in all their diagrams allowance has been 
made for activity coefficients in drawing theoretical lines of potential 
vs. log(concentration); this statement is not borne out by the recti- 
linear potential /log(concentration) lines of Figs. 21, 25 and 27. Again, 
in considering certain large activities of ions, calculated from potential 
measurements by the Nernst equation—e.g., [Fe], = 10°M (pp. 314— 
315)—it is not made clear that such values are physically impossible, 
although an alternative explanation of the observed potentials is given, 
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But apart from such minor slips, inevitable in a work of this size, the 
authors must be congratulated on their quite exceptional thoroughness 
of knowledge and logicality of thought. 

The literature has been thoroughly sifted up to the end of 1936, 
whilst a number of more recent papers are referred to in the appendices. 

To sum up, one may confidently predict that this work will clear 
up many of the misunderstandings between the various branches of 
pure and applied electrochemistry. It will do more; it will be the 
direct cause of a great number of new and fruitful lines of research. 
The speculations and ‘‘ loose ends,” for which the authors offer ex- 
planations and unnecessary apologies, are incentives to future workers. 
One can only regret that other matters now claim the authors’ atten- 
tion, whilst rejoicing that their single contribution to corrosion re- 
search should be of such signal importance. 

T. P. Hoar. 
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